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In order to keep the size of this book within reasonable lim- 
its I have omitted all historical account of the steps by which 
our present knowledge of the different branches of the subject 
has been built up. 

Wherever it has seemed to me that a point was definitely 
established, I have stated the conclusions generally accepted 
without Bpec-ial reference to the names of those who worked . 
them out. On the other hand, where our knowledge has seemed 
to be insufficient I have given aome of the names and findings 
of those who are responsible for the opinions generally current. 

Theoretical discussions have been omitted on account of the 
strictly clinical plan of the l>ook. 

The absence of any account of the origin of the blood cells, 
the chemistry of the blood, coagulation, and many other sub- 
jects of great scientific interest is due to the lack of any con- 
siderable clinical value in them so far as at present understood. 

The body of data referred to from time to time as the " Mas- 
sachusetts Hospital Blood Counts" consists of nearly four thou- 
sand blood examinations, about three thousand of which were 
made by Drs. Moffitt, Hewes, Joslin, Dewey, Franklin White, 
Capps, and Barney — medical internes of the hospital Bince 1893. 
Permission to avail myself of these data was very kindly granted 
me by the visiting physicians of the hospital. To these I have 
added about one thousand examinations which I have made both 
within the hospital and outside. The technique used in all the 
four thousand examinations was essentially that described in 
the following pages. 

The accumulation of this body of facts and the great mass of 
foreign hematological literature (untranslated) have Beemed to 
me sufficient reasons for the existence of this book— the first of 
its kind in English, so far as I am aware. Further, it has seemed 
to me a great pity that there should be no book available con- 



VI PREFACE. 

taining colored illustrations of stained blood preparations which 
bear some resemblance to their original, and are not wholly or 
partly works of the imagination (* diagrammatic 99 ). 

Funke, of Leipsic, has, I think, been as successful in dealing 
with the stained blood in the present work as he was with the 
fresh blood in the beautiful illustrations for W. 8. Thayer's 
monograph on " The Malarial Fevers of Baltimore." 

Any one who writes on the blood must be constantly indebted 
to the following standard text-books: Hayem: "Du Sang," 
Paris, 1889. v. Limbeck: "Grandriss einer klinischen Patho- 
logic des Blutes," Jena, 1896 (second edition). Grawitz: 
"Klinische Pathologie des Blutes," Berlin, 1896. Schmaltz: 
"Pathologie des Blutes," Leipsic, 1896. Bieder: "Beitrage z. 
Kentniss der Leucocytosis," Leipsic, 1892. 

I have usually referred to them in the text as "Hayem," 
u Bieder," etc., always meaning one of the above works. 

The quotations from Schreiber in the text refer to manuscript 
notes of his lectures in 1896, kindly loaned to me by Dr. Mark 
W. Bichardson. 

I am indebted to Dr. F. P. Henry for permission to use the 
cuts from his recent article on the filaria sanguinis hominis. 

December, 1896. 
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BOOK I. 



INTRODUCTION. 



SCOPE AND VALUE OF BLOOD EXAMINATION. 

Hematology is still so new a study that no confident state- 
ment can be made as to the exact limits of its usefulness in the 
practice of medicine. It has solved some problems where least 
was hoped from it, and given us disappointingly little help 
where great expectations had been aroused. We might have ex- 
pected from it some light on the nature of rheumatism, furun- 
culosis, uraemia, diabetes, but none has come. 

On the other hand, who could have hoped that it would help 
us in the diagnosis of central pneumonia, of deep-seated sup- 
purations and ovarian tumors, etc., or in the prognosis of post- 
scarlatinal nephritis or of pneumonia? 

There are probably not more than five or six diseases in 
which the blood examination gives us the diagnosis ready-made, 
but there is a very considerable number of conditions in which 
the blood examination will help us to make it. Not pathogno- 
monic signs, but links in a chain of evidence are what we are to 
expect from blood examination. Very often the simple discov- 
ery that the blood is normal may be a fact of the greatest value 
in diagnosis. 

On the whole it seems to me that the examination of the 
blood gives evidence similar in kind and not much inferior in 
value to that obtained by examination of the urine. Both 
methods of examination give us (a) a ready-made diagnosis in 
a few diseases ; (b) side lights on a good many obscure condi- 
tions ; and (c) the frequently great assistance of a negative re- 
port. In certain wards of the Massachusetts General Hospital 
it has been for some vears the rule to examine the blood of 

ft* 

every patient as a matter of routine at the time of entrance. In 
a small proportion of cases this gave negative evidence only ; in 
a much larger proportion it materially assisted in the making of 
a diagnosis. 



4 INTRODUCTION. 

Improvements in technique have lessened the labor and in- 
creased the accuracy of blood examination. The most important 
facts about the blood of nearly every case can bo obtained by 
a practised observer in fifteen minutes. The experiments of 
Re inert and others have shown that with due care no error suffi- 
cient to mislead judgment need occur. 

Tim blood is the only tissue that we can study easily during 
the life of the patient. Its relations to all other tissues are such 
that it is typical of them all in a way that no other tissue is, act- 
ing on all and being acted on by all. As yet we have studied 
chiefly its morphology, aud from that single aspect obtained 
most of the clinically valuable information which we possess 
about it. But the field of the blood chemistry is in many re- 
spects even more promising at the present time, and there seems 
reason to believe that the study of the blood is still in its in- 
fancy and will take a higher place in the future as an aid to diag- 
nosis, prognosis, and treatment. 

Like all methods of physical examination it has especial use- 
fulness when we cannot communicate with a patient, either by 
reason of his unconsciousness, stupidity, or insanity, or because 
he speaks no widely used language. In such cases the detec- 
tion of a marked amentia, a leucocytosis, or a malarial organism 
may lie of the greatest assistance. Malingering is often made 
more difficult by it, and in the differentiation of organic from 
functional disease it is often very helpful. There is no febrile 
disease on which it may not throw light. 

The evidence for these and many other aids furnished by the 
blood examination in clinical work is given in the later chapters 
of this work. 



PART I. 

METHODS OF CLINICAL EXAMINATION OF 

THE BLOOD. 



CHAPTER I. 



Confining ourselves to the clinically available processes by 
which we can gain information of diagnostic or prognostic 
value, blood examination at the present time embraces seven 
processes. 

1. Examination of the fresh blood (with or without a warm 
stage). 

2. Counting the red and the white corpuscles. 

3. Estimation of the relative volumes of corpuscles and plasma 
by centrifugalizing the blood. 

4. Estimation of the amount of coloring matter. 

5. Estimation of the specific gravity of the blood. 

6. Examination of dried and stained specimens. 

7. Bacteriological examination of the blood. 

To describe these processes in detail is the purpose of the 
next chapters. 

I. Examination of the Fresh Blood. 

(a) Obtaining the blood by puncture. In all the processes 
about to be described, except the bacteriological examination, 
the first step is as follows : 

Wipe off the lobe of the patient's ear with a damp cloth and 
then rub it with a dry one. This serves to remove gross dirt 
and also to make the tissues hypenemic, so that a slight punc- 
ture will draw blood. Attempts to sterilize the skin, or washing 
it with alcohol and ether, are unnecessary. 

Use a three-sided (bayonet-pointed) surgical needle or a small 
lancet — a sewing needle, even a sharp one, gives more pain and 
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draws less blood from a given depth of puncture. The needle 
need not be sterile. In several thousand blood counts made at 
the Massachusetts General Hospital since 1893 the needles have 
never been sterilized and no signs of sepsis have been seen in 
any case, 

Possibly this is due in part to the fact that the next step in 
the process after the puncture has In -'ii made is always to wipe 
away four or 6ve successive drops as they emerge, which bottw 
not omlj to «et the blood flowing freely, but also to wash the ear 
in its own blood. 

The puncture is best made into the lower surface, or edge of 
the lobe, which is steadied with the lingers of the lift hand. A 
very quick stroke gives least pain, the hand rebounding like a 
piano hammer. If the skin of the lobe is stretched tight with 
the fingers of the left hand so that no "give" is possible, the 
quick puncture gives hardly any pain. I ha« iej.rat.ilh t.iki B 
blood bom ■ --deeping ohild without waking it. What hurts the 
[ttifairf is (In' mistaken tenderness that slowly jn I minim the needle 
tlirough the skin. The puncture must be deep enough to make 
tlie blood How freely and without pressure, after it is once 
started by pressing out a few drops, lilood MJDMMcl out with 
pressure should uever l>e used for counting, as it is likely t" be 
considerably diluted with fluid pressed out of the neighboring 
tissues. If the skin is moderately thin and the ear easily made 
In pera'inic, a puncture one-eighth of an inch deep is sufficient. 
With thick, bloodless skin it may be necessary to go in one- 
quarter or one-third of an inch— never more. !'■< in i re <>f !■!• rilvrn. 

1 have seen bleeding iium a puncture made for a blood count 
which could not be checked for Ilium ijiiBlluiM of an hour. It is 
always safer to ask after a history . f lneniophilia as a matter of 
routine before taking blood, just as one asks after false teeth 
before etherizing. If there is a history of hiouiophilia, a mere 
touch of the needle point will give us all tlie blood we need 
without emlwirrassing nj with ■ ttoahtasOBM hemorrhage, 

II. ]■■ is BO .piestioTi, I think, as to the suj>eriorjt.v of th" ear 
Otm tlie linger for drawing the drop of blood, The ear is ih- 
■I'i.killy less sensitive thai) the finger. and a slighter puncture 
(Ira Bfl all the blood we need. afoMOW, ft ■ often a distiuct 
advantage, especially iu children, that the patient cannot watch 
the pun-turo of the ear, or the preparations for making it. A 
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sleeping patient often needs to be roused to get at his finger, 
while his ear is usually easily accessible above the bed clothes. 
Again, the absence of any bony prominence against which to 
press makes us less likely to use too much pressure than if we 
puncture the finger. 

When one is making frequent examinations of the blood of a 
sensitive person, as in pneumonia, these details are of real im- 
portance, and in cases of pernicious anaemia in which the pre- 
vious attempts to get blood from the finger had been absolute 
failures, I have found no difficulty in getting it from the ear. In 
this disease the advantages of the ear over the finger are pecu- 
liarly great. 

Spreading the Blood. 

(b) When, after wiping away the first four or five drops, a 
good-sized drop exudes spontaneously, touch the centre of a 
perfectly clean cover-glass against the ^^^^ 

summit of the drop xoitlvout touching r- —S^^ 

the skin itself at all, and drop the / jK ^ 

cover-glass face downward upon a / / 

slide so that the force of the impact ^ ^ 

will help to spread the drop of blood f . 

thinly and evenly between slide and \L ) 

cover. It is recommended by Thayer 

and others to hold the cover-glass **<>. i.-Proper Method of Hold- 

. ° . iug a Cover Glass. 

with forceps, but there is no harm in 

holding it with the fingers, provided we avoid touching either 

of its surfaces, i.e., hold it always as in Fig. 1. 

Slide and cover must be perfectly clean, else the blood will 
not spread out in a layer thin enough to avoid the corpuscles 
overlying each other so that not one of them is clearly seen. 
Further, as dirt simulates fairly closely some of the pathological 
appearances for which we are on the lookout, its presence on the 
slide leads to loss of time or to mistaken conclusions. Cover- 
glasses, as they come from the shops, are usually coated with a 
substance not easily to be removed. To get them really clean 
nothing is so simple as or more effective than soap and water. 
After several years' use of the method of cleaning usually ad- 
vised (viz., strong mineral acid, followed by alcohol and then by 
ether), I have become converted to the use of plain soap and 
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water as the best and simplest way of cleaning slides or cover- 
glasses. Rub Boaji over every part of tlie glass, wash it off thor- 
oughly with water, and polish it with a clean handkerchief 
(most towelB are apt to leave a scrap of lint on the glass). If 
slide and cover are perfectly clean, are held as in Fig. 1, and al- 
lowed to touch only the summit of the blood drop and not the 
skin, the blood will spread out properly between them, and no 
pressure on Uie cover-glass will l>e needed to make the layer of 
corpuscles thin enough. Pressure is undesirable, as it often 
makes all sorts of artefacts in the preparation and hastens cre- 
nation of the red corpuscles. Better results are obtained if 
slide and cover are warmed just l>efore using. 

Pmwalion of Cefl-Deuih, 

Slides so prepared are usually best examined with a one- 
twelfth oil -immersion lens. As a rule they keep long enough 
for purposes of examination without any further precautions, 
but if we desire to keep the blood fresh and uncoogulated for a 
longer period, it is best to exclude air in this way : Paint upon 
Hi" slide with vaseline, cedar oil, or any gummy substance a 
hollow ■-. jii.i I-.- or ring of about the size of the cover-glass, so 
that when the latter with its drop of blood is put down upon 
the slide the drop will spread out inside the ring of oil, which 
seals the margins of the cover-glass to the slide. Specimens so 
prepared will keep for many hours unchanged, and without crc- 
nation or coagulation, if the weather is warm or if the slide l>e 
kept in a warm place. 

In examining blood suspected of containing malarial para- 
sites it is sometimes useful to put the whole microscope into 
one of the warming apparatuses devised for the purpose. This 
islx li- rtlianany of the various kinds of warm stage in use, but in 
clinical work there is rarely if ever any Deed tot iirtifieiul heating 
apparatus of any kind, provided the room and the slide are warm. 



i\'ii«t 0m be T*eeam&d fro& Frah Blood, 

Examination of the fresh hlood by the method jnst described is 
a tainiug the presence or absence of — 
1. The Plasmodium malaria 1 . 

B. The Sphv.ciixtc <il lvl;!) iMUg fever. 
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3. The Filaria sanguinis hominis. 

4. Rouleaux formation among the red cells. 

It is also a quick and convenient method of finding out with 
approximate accuracy : 

(a) Whether the blood contains an increased amount of fibrin ; 

(b) Whether any considerable anaemia or leucocytosis* is 
present; 

(c) Whether or not the amount of haemoglobin in the red 
cells is much decreased; 

(d) Whether the red corpuscles are deformed; 

(e) Whether the " blood plates" are increased or not. 

A practised observer can also make a diagnosis of leukaemia by 
this method in most cases, but here mistakes may easily occur. 

So much can sometimes be learned from a specimen pre- 
pared in this very quick and easy way that it should be as much 
a matter of routine as a urine examination. But in order to get 
any information from such a preparation we must previously 
have familiarized ourselves with the appearance of normal blood 
under such conditions — with the size, shape, color, and refrac- 
tions of the red cells, white cells, and blood plates and their ratio 
to one another, and with the great variety of curious phenomena 
to be seen as a drop of blood gradually dries up between slide 
and cover. No book can teach this: it must be learned by 
actual experiment. 

Some of the commoner sources of error will be referred to 
later. Here I will mention only the Brownian movement in the 
protoplasm of the corpuscles, to be distinguished clearly both 
from the amoeboid movements of the leucocytes or of the malarial 
parasite and also from the irregular contractions of the dying 
protoplasm, which give rise to pseudo-amoeboid motions in the 
crenated points of normal red cells or in the irregular projections 
of corpuscles deformed by disease (vide infra). 

For a more detailed description of normal red corpuscles, 
white corpuscles, and blood plates the reader is referred to 
Partn. 

An account of the pathological changes to be observed in the 
fresh blood will be given in later chapters. 

* More accurately it is only the ratio of red to white corpuscles that 
we can determine, and when the red are very much diminished in num- 
ber we may be deceived into supposing that the white are increased. 



CHAPTER II. 



COUNTING THE CORPUSCLES. 

Out of the many instruments devised for this purpose that 
of ThomarZein8 is so much the most commonly used and most 

accurate that I shall men- 
tion no other. In the use of 
this instrument there are five 
steps or stages : 

1. Puncturing the ear. 

2. Diluting and mixing 
the blood thus obtained. 

3. Adjusting a drop of di- 
luted blood in the counting 
chamber. 

4. Counting the corpuscles. 

5. Cleaning the pipette. 

To count the white corpus- 
cles, a different instrument is 
often used from that em- 
ployed for the red. 

The technique is nearly 
the same for both instru- 
ment**, but for clearness' sake 
I shall describe them sepa- 
rately. To save time I shall 
call the small-bore pipette 
used for red corpuscles (Fig. 
2, A) the "red counter," and 
the large-l>ore pij>ette (Fig. 
2, //) the "white counter." 
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8.— ThomfeZeim Pipett«n». .1. For rwicor- 
punch 1 *; H, for white corpuRclw*. 



Counting the Red Corpuscles. 

(a) After puncturing the ear as al>ove doscril>ed, and as soon 
as the blood is flowing freely, put the ]M>int of the " red counter" 
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into the drop as it emerges from the ear, and by sucking gently 
on the rubber tube attached to the other end, draw up blood to 
the mark 0.5 on the pipette. It needs some practice to stop 
exactly at the mark, but if we happen to draw the blood up a 
little past the mark 0.5 no considerable error results, provided 
we draw the column down again to the mark by tapping the 
point of the pipette on a towel, and provided also that the in- 
strument is perfectly clean and dry. The aim and intention, 
however, should always be to stop exactly at the mark 0.5, and 
with a little practice we can do it, except with nervous or deliri- 
ous patients, and those who carelessly move the head just at the 
critical moment. With such patients we usually have to con- 
tent ourselves with drawing the blood a little beyond the mark 
0.5 and then drawing it down again to the mark as above de- 
scribed. 

Diluting the Blood. 

(b) The bottle of solution to be used for diluting the blood 
should be ready uncorked at the bedside. Of the njpny solutions 
suggested by various authors none is better than Gowers 1 , the 
formula for which is as follows : 

Sodii sulphat gr. 104 

Acid, acetic, 3 i- 

Aquae, ad § iv. 

Toisson's solution is also very useful and stains the white 
corpuscles so that they can be easily distinguished from the 
red. Its composition is as follows : 

Methyl violet, 5 B,. 025 gm. 

Sod. chlor., 1.000 

Sod. sulph., 8.000 

Neutral glycerin, 30. 000 cm. 

AqusBdestill 160.000 cm. 

We must wait about ten minutes after mixing before the leu- 
cocytes are fully stained. Except for this delay, the only diffi- 
culty of this solution is that it is rather difficult to clean the 
pipette after using it. If the white cells are counted with an- 
other pipette the staining fluid can be as well dispensed with. 

Into a bottle of one of these solutions, ready at the bedside, 
the point of the pipette is to be plunged as soon as the blood 
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has l>een drawn up to the point 0.5 and the outside of the pipette 
wiped i lean of blood. Suction is then exerted through the 
nihlter tulw tin- iatbmi tin'' pi )int nf the pipette is below the sur- 
face of the diluting solution. This suction is continued until 
the diluted blood has tilled the bulb of the pipette and gone 
past it up to the point marked ltll. It is not difficult to stop 
at this point, provided the pipette is j>crfoctly clean and dry 
inside. Otherwise it is impossible. Sin mid any mishap oc- 
cur at this ]K>iut, the whole process must be begnn over again 
after carefully cleaning and drying the pii»ette. If no acci- 
dent happens and the mixture is sucked up to and not past the 
mark 101, we have diluted the blood with two hundred times 
its bulk of neutral solution. If, instead of drawing the blood 
Bp t-i the mark 0.0 we draw it as far as the point marked 
1, and then dilute as al>ove described, the mixture will be 
1 to 100. Some observers habitually use this dilution. The 
objections to it are: (1) That if the blood is accidentally drawn 
up too far (i.e., past the mark 1) we cannot draw it down again 
but must painfully dean and dry out the pipette (see below, 
p. 16) and repeat the process. ("2) If the blood contain ap- 
provimntely the normal number of corpuscles, they will l>e so 
crowded when adjusted on the ruled surface of the disc A that 
it is more difficult to count them. If we use another pipette for 
the white corpuscles the dilution of 1 : 100 has no advantage to 
coiinterltalance these drawbacks. 

While sucking in the diluting solution, it is well to roll 
the pipi'lte on tin' long UU with the fingers nf the hwd which 
holds it in the diluting fluid. This mixes the blond instantly 
ami pn-veiits any of it from floating on the top of the solution 
and therein eoTiiJug up undiluted into the narrow portion above 
the bulb of the pipette, where it might possibly escajw thor- 
ough mixing.* 

Next we thoroughly mix the blood and diluting fluid by 
shaking and rolling tin- pipette, its ends being dosed bj fill 
fingers. The little glass ball within the bulb bfllpfl (his process 
timt< i i.ilh . \ mil nit".- i i risk rolling and shaking is as good as 

five minute*', as i bm oonvinesd onjeeli by nttnj exp-r intents, 

and the distribution of the corpuscles throughout the mixture is 

imt be taken that no saliva finds its war through the rubber 

lube and into the pipette. Never blow fl tt OWgfc tlif rubber tube. 
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very even, provided there is no delay in proceeding to the next 
step, viz. : 

(c) Adjusting a Drop of Diluted Blood in the Counting Chamber, 
— Remove the rubber tube from the pipette and blow out the por- 
tion of diluting solution which last entered the pipette, and which 
consequently has not been thoroughly mixed with the blood in 
the bulb. Five or six drops should be blown out before any is 
used for examination. Next put upon the surface of the counter 
(A, Fig. 3) a drop of such size that when the cover-glass (B) 




Fio. 3.— Thoma-Zeiss Counting Slide. A % Ruled disc ; 2?, cover-glass ; C, moat. 

is let down over it the whole of the disc A is covered with the 
drop without any being spilled into the "moat" (C) around it. 
Just how large such a drop should be can only be learned by 
practice. It is not literally necessary that exactly the whole 
disc A should be covered, provided nine-tenths of it is covered, 
but any spilling over into the "moat" (C) entails serious error. 

After the cover-glass has been let down upon the drop, we 
should be able (provided the whole instrument is clean) to see 
concentric rainbow rings between the cover-glass and the body 
of the instrument. These are known as Newton's rings. A 
little pressure with a needle on the cover-glass will often bring 
them out if they do not at once appear, but they must remain 
visible after the pressure is taken off. Otherwise we know that 
there must be some dirt or dust under the cover-glass prevent- 
ing its settling exactly into position, and this will cause error in 
the count, though not a very considerable error in most cases. 
(To see Newton's rings we should get our eyes near to the level 
of the counting chamber so that the light from window or lamp 
is reflected from the surface of the cover-glass.) 

If the above conditions are not all fulfilled the instrument 
should be washed and another drop tried, after shaking the 
pipette and blowing out a few drops as before. 

The cover-glass must be let down as soon as possible after 
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(lie drop has been put ou tlio disc A, aud before the corpuscles 
have time to settle. It is beat to let it down with a needle as in 

mounting microscopic specimens. 

Counting, 

(d) After waiting two or three minutes so that the oorpnsclea 
BUQ Baffle thoroughly upon tin- space ruled off ou the dbfi A, 



0100 mm. 
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the counting is begun, using preferably an objective .I of Leitz 
or D of Zeua and ■ Ri •. 1 or 2 eyepiece. 

'The mil'.! apaoe .'n the surface of the counter (A, Fig. 4). 
is divided into four hundred squares, every group of sixteen 
■qum bang eaoaoaad in double lines to make it easier to know- 
how many squares wo have counted {see Fig. 5). Including 
the squares with double lines we have a group containing tltirty- 
wi\ small squares, a group convenient to count at one time as it 
just uImhiI tills tlm rii'1,1 at the objective Leitz No. 5, or Zeiaa D 
with a No. *2 a jepia aa. 

To avoid considerable error we should count the corpuscles 
in five field* of thirty-six squares each, such as is shown in Fig. 
i», taking the fields IS various parts of the whole ruled space. 
The instrument should then lw washed and the whole process 
upattad witfe a aaoond 'bop. If tin- omit of flu aeecmd drop 
diflVis widely from that of the first, a third drop should be 
counted and the average taken of those two which are most 
nearly alike. Thus at least three hundred and sixty small 
squari's should be counted; with such a number the error is not 
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over three per cent for practised observers." In normal blood 
this means counting about 2,160 corpuscles, as six or seven to a 
small square is about the normal average when we are using a 
dilution of 1 : 200 such as has been described (twelve to fourteen 
cells per square in a dilution of 1 : 100). 

Among the difficulties encountered in counting is the pres- 
ence of a few corpuscles on or touching one or more of the lines 
bounding the space to 
be counted. Shall we 
count these out or in? 

In counting, for in- 
stance, a field like that 
in Fig. 5, what are we 
to do with the cells 
which sit astride the 
lines AA, BB, etc.? 

To get round this 
difficulty, it is best to 
make it a rule to count 
in all the corpuscles on J - 
or touching some two of 
the boundary Unas (e.g., 
AA and BB) and to fi 
take no notice of any 
cell on or touching the 
lines CC and DD. In this way the exclusions just balance the 
inclusions. Of course all cells within these outer boundary 
lines are to l>e counted whatever their position. 

Beyond this the details must be settled by each man for him- 
self. My own habit is to count through the squares in the order 
indicated by the track of the serpentine arrow in the accompany- 
ing Fig. 6, and to count by twos or threes. 

A movable stage makes the counting easier, especially for be- 
ginners. Either natural or artificial light may be used with a 
small aperture diaphragm, and if the instruments are clean and 
the diluting solution fresh and free from sediment,! there is no 

* See Re inert 's " Zfihlung tier Blutk6rperchen, ■ Leipzig, 1891. p. 48 et 

t Host diluting solutions precipitate or accumulate spores, and need to 
be frequently renewed. 






. 5.— Field of Thirty -nil Squares on Ruled Disc of 
Thoma-Zeiss Counter Covered with Normal Blood 
Diluted Two Hundred Times. 
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difficulty in deciding how many cells each square contains, and 
no extraneous fragments to be excluded. We must distinguish 
the white corpuscles from the red, not by their size but by their 
stain if Toisson's solution is used, otherwise by their peculiar 
shining look when the lens is drawn up so as to put the red 
cells slightly out of focus. The blood plates are not noticeable 
and lead to no errors. 

When the number of corpuscles in 360 squares has been 

counted the number is 
divided by 360 and mul- 
tiplied by 80,000 (i.e., by 
200 to make up for dilu- 
tion and then by 400 
because each square is 
equivalent to ffa of a 
cubic millimetre), which 
gives us the numt)er of 
corpuscles per cubic mil- 
limetre. 

These figures need not 
be committed to memory, 
for we have marked on 
the instruments used all 

Fio. 6.-The Arrow Indicate* the Order In which the tb ° <*»<» pessary for the 
Squarea are Counted. Calculation, I.e., the dilu- 

tion figures on the pipette 
and the area and depth of a single square on the counting slide. 

(<») The importance of cleaning the jripvtte as soon as the 
counting is done is so great that it should l>o reckoned as one of 
the regular steps on every count. First water, then alcohol, and 
Listly other must be sucked into the pipette and brought into 
contact with every part of the bulb and tul>e. After this air 
must be sucked or i>uni]>ed through the tul>e until it is per- 
fectly dry and the glass ball will roll about freely in the bulb 
without sticking anywhere. 

These precautions take but two or three minutes, and if they 
are omitted and the blood dries in the pij)ette, it may take 
several hours' work to get it clean. Further, if it is not thor- 
oughly dried after cleaning, the mixing of the blood when it is 
used next cannot be done accurately. 
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The first three steps of the above process (i.e., the obtaining, 
diluting, and mixing of the blood) must be done as swiftly as is 
compatible with accuracy, but when once the blood is mixed in 
the pipette it can be kept there indefinitely and counted at 
leisure. None of the corpuscles are destroyed or lost, and if the 
bulb is thoroughly rolled and shaken up whenever we are ready 
to count the blood, no error results from keeping it twenty-four 
hours or more in the pipette. 

It is not necessary, therefore, to carry a microscope to the 
patient's house or bedside; the pipette and the diluting solution 
are all that we need to take with us, and when the blood is 
mixed in the pipette, the latter' s ends can be closed with a 
rubber band and the blood carried home and counted at leisure. 
The pipette should l>e kept approximately horizontal during the 
transit. 

Counting the White Corpuscles. 

To make a reasonably accurate count of white corpuscles, 
using the * red counter" and the dilution of 1 : 100 or 1 : 200, we 
need to count an immense number of squares, far more than was 
necessary in estimating the red cells — in fact, at least ten times 
the whole ruled space. It is therefore far more convenient and 
simple to use the u white counter" or large-bore pipette with a 
diluting solution which renders the red cells invisible and leaves 
only the white to be counted. Such a solution is the one-third 
of one-per-cent. solution of glacial acetic acid in water. With 
this the white corpuscles stand out very clearly and the red can 
barely be seen at all. The technique is the same as that already 
described, with the following exceptions : 

1. The drop of blood needed is nearly three times as large 
as that used in the a red counter ;" it is about as big as can be 
made to stay on the ear without rolling off. 

2. The bore of the tube being large, it fills and empties 

more readily. Hence our suction must be gentler, and it is 

rather harder to stop exactly at the mark 11. For the same 

reason the diluted blood will run out of the pipette if the latter 

is not kept nearly horizontal, and the bottle of diluting solution 

should accordingly be tipped up as we plunge in the point of 

the pipette, so that the latter is depressed as little and for as 

short a time as possible before suction begins. 
2 
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3. Instead of counting separate fields o( thirty -six squares 
each, we should count the whole ruled space and theu rejieat 
(lie prooew with a bboobA drop. This taken never over fifteen 
minutes, often Dot over fiv.', ami in rarj aooumte. 

The advantages of (Ins pipette tire obvious. The only draw- 
bucks are its c\]M lis.' jiml the need of a somewhat deeper and 
an >►«■ painful |iii[n-tiir.- to get blood anaogh (or it. The toch- 

ni" j n«i is m>t at all difficult 

(hunting Both Redtmd Whitt OtB* With At Same i'. : r ".. 
\Y.. inav avoid buj ing both uuKe-boxeand smail-l.ore pipotteo 
in one of tlie following \\n\ I 

1. We can count both rod ami white OOXpnaclflfl with tlie " Bad 
OOQlltU." 

2. We can count both rod and white corpuscles with the 
11 w bite counter." 

The reason why wo cannot use the " rod counter" Em a rant- 
ing white colls, unless modified iu some way, is that in the 
whole ruled surface of the counting chamber uot more than three 
or four white corpuscles are to be found iu normal blood when 
' 1 1 ! 'if "d two hundred times. If we dilute less, wo cannot see the 
cells distinctly W-causo they are so crowded. If we find, say, 
thi'i' white corpuscles as the numlwr to I hi used as a basis iu 
mlffllTltfan thfl iiiimliii- of white ci 'lis in a cubic millimetre, the 
chance, of error is very great, the multiplier being so large 
(2,00) and the multiplicand BO small (3). 

To get over this difficulty TO may utilize the cells spread 
over the disc of the counting chamber outside /he ruled space in 
one of the following waj ■ : 

(<i) By in- ■'*»,- iii*! tht fit Id of the <■*■}■ i Hoe used. The writer's 
objii-tivo, Ho, 5 of In -it./., has a field of very nearly one-quar- 
ter of a square millimetre or one-quarter of tlie whole ruled 
Four fields of this lens, taken anywhere outside the 
ruled space, therefore, contain the some number of cells as will 
cover the w1m]| EtMT liinnind small tided Bquares, and when 
we have counted the white (■■■lis in a series "f four fields of 
thin lens, wo have accomplished as much as if we have put a 
fash drop upon the enuntiiij; cluimlwr and counted all the 
ruled squares over again; the latter process is tedious, the 
former very quick. Thus it is iny practice in some cases to 
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proceed as follows (see Fig. 7): Supposing the large circle 
CCCC to represent the surface of the small disc (A, Fig. 3.) 
in the centre of the counting chamber, and AAAA the ruled 
squares in the mid- 
dle of this disc, four 
microscopic fields 
are taken in the di- 
rection away from 
the centre indicated 
by circles and ar- 
rows in the figure. 
Starting, say, to the . c 
right of the ruled 
squares with the 
left edge of the mi- 
croscopic field just 
touching the outer 
boundary line of the 
squares, count all 
the white cells to be 
seen in the field. 

Then move along to the right till the corpuscles which were on 
the extreme right of the first field have gone out of sight to the 
left. Your field is then in the position of the circle marked 
2 (Fig. 7). Count all the white cells in this field and so on 

for four fields. With my objective, four 
such fields are almost exactly equal to 
the whole ruled space AAAA. With 
other objectives of course the number of 
fields is different. 

When we have counted four fields 
in each of the four directions indicated 
by the arrows we have covered as much 
ground as if we have put four succes- 
sive drops on the slide after the first 
one and counted all the ruled squares 
in each, and we have saved much time and labor. 

(b) Another and better method of attaining this same end, in- 
vented, I think, by Dr. Franklin White, of Boston, is as follows : 
Cut out of black cardboard a piece of the shape shown in Fig. 
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8 ami of such a size that it will tit into the tube of the * 
pMM— the si|ii:in> ;t|»'itu)v allowing ft space of just one-quarter 
of a millimetre (one hundred of the ruled squares) to be seen 
through it with a given objective (say Leitz No. 5). Four 
fie Kla as seen through such an aperture can then be counted 
iu various parts of the slide outside the ruled s|>ace as ex- 
plained above. 

(r) For any one living where microscopic ruling on glass can 
!"■ dODfl ill a moderate cost, by fur the best way is to have the 
rest of the iliac A (Fig. 4) ruled off iu large squares of just a 
si inure iu ill i metre each. I Lave not been able to hear of any one 
in America who could do such work at a moderate expense. 

•2. \Vc tuny usi- Ifa " vhito I'nuiiti-r" for red corpuscles iu the 
following way : Suck up blood only to the first mark up from 

Hii- poinl <i.> .. Dm -lift h i if tin' usual distance) ami then Cknran 1 
Of Tnlninn'il solution up to the mark 11. This gives a dilution 
of 1 : 100, aud in autemic cases, iu which the cells are uot very 
iiiiiin'i'ints, answers well. The same pipette can then be cure- 
folly cleaned and used for counting white cells with tin- ■eot&S 
Mid ixn-tliinl pa .■■■lit. im d a dilution of 1:10 or 1:8ft, 

Whatever Rttthod of counting white corpuscles is adopted, 
we ought to have at least one hundred corpuscles actually 
counted to use as the multiplicand of our computet inn. A tiagta 
drop f i l mi the white counter with a ililntion of 1:10 gives tin 
normally about seventy white corpuscles iu the four Inindnd 
ruled spaces, and by re|>eutiug the process with u second drop 
the result may be made reasonablj ■ooarata. TbiM mi ill-' 
method adopted fay ltiLil'T* iu the immense number of counts 
made by him. 

■ ' BafHgfl tut Kenntnias der LeuciK'ytoeis. " Leipzig, IM92 (Vogel). 




CHAPTEB HI. 

CENTRIFUGALIZING THE BLOOD— HAEMOGLOBIN ESTIMATION 
—SPECIFIC GRAVITY— STAINED SPECIMENS— BACTERIO- 
LOGICAL EXAMINATIONS. 

The Hematocrit. 

The hematocrit of HediD, though a comparatively new in- 
strument, has undergone considerable modification and improve- 
ment in the last few years and as remodelled and improved by 
Judson Daland is now coming into use in this country. Its 
direct and obvious object is simply to ascertain the relative 
volume or mass of the corpuscles and of the plasma in a drop of 
blood; but the hope of its advocates has usually been that it 
would supplant entirely or mostly the long, tedious, and eye- 
destroying process of counting with the Thoma-Zeiss instrument. 
Whereas the latter needs sometimes an hour's hard work and 
eve strain to make an accurate count of red cells, with Daland's 
centrifugal machine one can get the result in five minutes with- 
out any strain on the eyes. 

Daland maintains the superior accuracy of his instrument in 
most cases as a further advantage of its use. The estimation 
of corpuscles depends on the length of the column of corpuscles 
packed down by centrifugal force at the end of a capillary tube 
filled with blood and whirled with great rapidity in a horizontal 
plane. The more corpuscles the longer the column. 

Wherever there is much variation in the shape or size of the 
cells, as in many forms of anaemia, leukaemia, etc., the hematocrit 
is evidently inaccurate, inasmuch as the misshapen, under- or 
oversized corpuscle will pack down differently from the normal 
cells, three million undersized cells making a shorter column in 
the tube than three million healthy ones. This is recognized 
by the advocates of the instrument, which is accordingly recom- 
mended only in those cases in which we know that there are no 
considerable variations in the size or shape of the red cells. 
These are usually cases in which no very great anaemia is pres- 
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eiit anil in which conoegoonflr the label of counting the large 
number of corpuscles is greatest. It seeius, therefore, as if the 
hematocrit might relieve us of the most irksome part of hlood- 
ooantang without loss of aeaamtrj . 

Against this there is to be said that we do not as yet 
know how far the elasticity and compressibility of otherwise 
healthy corpuscles may vary, and how far such a variation may 
Invalidate the standard of tight packing established from other 
cases. Further, there is known to be a certain amount of varia- 
tii m in tin- size and volume of a health j person's corpuscles, l*>th 
Ijetweeu nations and between luemliers of one nation, and it is 
vi I I., be shown whether this variation is sufficient to make the 
result of the luumatocrit liable to a greater error than those of 
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the Thoma-Zeiss instrument. There is no doubt that the lat- 
ter is a slower, more tedious instrument; the question is still 
Open whether or not it is the more accurate. Daland reports 
wide variations between his counts and those, of his colleague 
and between different counts by one observer at different times, 
Daing Bin TnoTflft TffllM instrument, while with the haunafaeril 
the variations aro but slight. 

Iu testing these results I have made parallel counts of a pa- 
tient's blood with several of the house physicians at the Massa- 
chusetts General Hospital during the last two years and our 
differences have never exceeded the limit of error laid down by 
He inert— namely, two per cent. I think Daland must have 
been unfortunate in his results. 

If, then, the error of the Thoma-Zeiss instrument is, as I 
believe, net over too per rent under ordinary circumstances and 
with correct technique, it does not seem likely that the hii>iti.i- 
tocrit is a morn accurate as well as a simpler and quicker iu- 
"tnmii'jit, 

In nat tlin Paland hematocrit we prick the car as usual and 
With ifae help of a bit of rubber tulie attached to one end of the 
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capillary tube (Kg. 9) Mirk in enough blood to fill it entirely, 
b'sually we draw in morn Hum enough and it enters the rubber 
tube as well, but this is no barm. It is nearly impossible to fill 
the glass tube exactly ami no more, inasmuch as the proximal 
end of it is bidden inside the rubber tube. The commonest 
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mistake at this point is incomplete tilling of the capillar; tube, 
as a very largo drop is needed to do it. 

As soon as it is full, put the finger (greased with vaseUne) 
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tightly OTOT the free end of the glass tube and then, lm/ not I 
then, draw off the rubber tube and adjust the glass m quickly 
as possible in the place prepared for it mi one of tin- horizontal 
arms of the whirling machine (Fig. 10). A similar tabs (empty] 
should be put on the other arm of tin 1 erosspieee to make the 
balance true. Wo must lie quirk about this, else the blood will 
coagulate. The. handle of the instrument is then MTolved it 
least seventy times a minute for two minutes, at the end of 
which time (sometimes less) the column nf blond cells is packed 
so tight that DO farther whirling has any effect on its length. 
Qmt ■■lire should lie taken that the horizontal beam is securely 
attached to the main part of the instrument, as it is capable 
of doing serious damage should it come off while whirling 
nine thousand revolutions a minute, which is the rate usually 
attained. 

it is will to put a little vaseline on the point where the blunt 
end of the tube rests (a, Fig. 10) to prevent any of the blood 
sticking there when we i-oiue to take the tube out and read it. 

The capillary tube is marked off iuto one hundred equal 
divisions and provided with a innguifier like that OD clinical 
thermometers. Laid on a piece of white paper it in easy to read 
off the nnmbei of division* oecapied by the blood column, al- 
though the end of it in often frayed or l>evelled in a way thnt 

i .ml n. i..- greet aeeonej , In Bonn*] blood the white oorpmolei 

hardly show at all in the tobe. They accumulate at the freo 

end of the oolnmn of red eelle, bed imhwn a leukocytosis is 
pr mini it Quiz presence is indicated, if at all. only bj a slight 
grayish blur at the end of t J i* ■ red coliiiiiii and cannot be bodb* 
Htal] measured. Thin blnr is another difficulty iii the way of 
deciding preaUel) « bore the and of the red-cell column is. 

To estimate the number of fed oorpnsclee Eroni tile length of 

the column, we mU Bach degree of the scale on the tube 100,000 

ells, or ft little mora. Thus if the blood column in the tube 

ends at about the mark 60 we consider that the blond has rather 

, 5,000,000 red corpuscles per cubic millimetre. So 

far all observers agree 09 the figures, but as to just how much 

iri'-'<->- "i l.ss Hum 1 IK"!, 000 each degree on the scale is worth there 

is some variation between different observers. Dahiial,* in along 

nparative observations of mHw c blood counts and 

* Pat v a nB r Mel Hag., Hovembar. tftt 
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hematocrit estimations on the same case, conclude that each 
degree of the scale on the capillary tube corresponds to 99,390 
corpuscles. 

The writer in a series of forty observations on healthy 
persons, in each of which a count of corpuscles with the Thoma- 
Zeiss instrument and a volumetric estimation with Daland's 
hematocrit was made, found the value of one degree on the glass 
scale to vary between 105,000 and 123,000 red corpuscles, the 
average being 112,000. 

It certainly seems a pi % iori as if variations in the specific 
gravity of the corpuscles or in the properties of the plasma 
might make a considerable difference in the number of revolu- 
tions needed to reduce the column of corpuscles to its smallest 
size. 

So far as I can learn, the use of this instrument in Europe 
has been chiefly for the direct information it affords as to the 
volume of the red cells and the amount of respiratory surface in 
the blood, rather than for the indirect information it may give 
us as to the number of the red cells. It does not seem as yet to 
be supplanting the Thoma-Zeiss counter. 

Its bulk and the noise it makes must for the present, I think, 
prevent its extensive use outside of hospitals. The noise it 
makes is a very loud and disagreeable one, and will deter many 
from using it in private practice. 

Hemoglobin Estimation. 

The instrument most used both here and in Europe is that 
of v. Fleischl. In France Hayem rules supreme in the matter 
of instruments, as in everything else concerning the blood, and 
in England Gowers' apparatus is used to a certain extent. Only 
the v. Fleischl instrument will be described here. The prin- 
ciple of its use is that of directly comparing the tint of the blood 
with various parts of a strip of colored glass (" goldpurpur") 
whose color shades gradually from a deep red at one end to 
clear glass at the other. The glass and the blood are brought 
before the eye side by side and a direct color judgment is 
attempted. 
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Dae of v. FtmacW* JBmome&B*. 

("I To use the iustrument till one side of the metallic cell U>, 
Fig. 12) alxmt one-< | uarter full of distilled witter and <-an> it 
to tin' bedside, together with tlio little capillary pipette (B, Fig. 
11) ami tliu needle for puue tilling. The- capillary pip e tt e 

_ =c __ :== ^ must he scrupulously cleaned ami dried before 

_^^__f_ use. This is beat done by drawing a noodle 

^M :~ and thread (the latter wet with ■loobo] and 

I |^z Bthar) through the eye of the capillary tube. 

I jj; When tlio drop of blood is Sowing freely frmu 

S j-Z the ear, put the end of the little pipette hoii- 

I f; zoutnlly into the side of the drop, which will 

- at OCQB fill the tulie by capillary attraction if 

I - the latter is clean and dry. Carefully but 

-1 tC quickly wipe away any blood that may be on 

1 ill ^ tin- nul.-sido <>f lli" ]ii|"-tt-', ati'l mak" sure, that 

1 *~ the blood in it is just flush with the surface 

at each end and does not present a concave 

\g or convex surface. Then put it into the water 

Fin. 11.— a C"i«"-i cnntaiiii'd in oue of the partitionsof tin* mend- 

(U-. : /.. ii|Mij' (in oall and rattle it quickly back and forth, 

so that the water may lie forced in first at 

oue and and then at the other. So far in the process we must 

work TftTJ onjek to prevent coagulatiou which in some cases 

takes place wry rapidly. 

(A) After this the cell with the capillary tulw still immersed 
in it ma v lie put in place on the body of tlio instrument (see Fig. 
32) and earned to & room or closet where daylight can be ex- 
cliiih'd end artificial light used to read the instrument by. Then 
tin* axpnlaion of the blood from the capillary tube may be com- 
pleted by forcing a tew drops of water from a medicine dropper 
through the capillary pipette ami into tlio compartment where 
tin- mixing bafl bean began. Using the metal handle of the 
pipette as a stirrer, mix very thoroughly the blood and water 
in awry part of the compartment, looking after toe soman 
•specially. Then using a piediflhw dropper, fill both ooat* 

patimanta of the DBS tO the brim with distilled water, taking 

Dan thai 1 1. -i i)i. i- overflown into Che other, and adjust the com- 
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partiuent containing the cleat water so that it comes over the 
slip of colored glass, while through the compartment containing 
Hie blood light thrown upward by the reflector lielow passes 
directly to the eye. Turn the thumb screw (see Fig. 12, T) back 
mid forth until the color of the glass is the Burnt? as that of the 
blood, and read off the ntimbtr on the scale which corresponds 




it ; a', pHTtillon 

gludip (Ke Ff(T. It, .-1); 

; T, acn-w Ktteh motni 



to that color. This gives the percentage of hremoglobiu, 
liHJ being the color of normal blood for meu and Wl-90 for 
woniiii. 

(< | Hatching the coins is not at all easy at liest, but may be 
somewhat aided by observing the billowing precautions: 

1. Ih not stand {or sit) foci'i;/ tin- V«jhl, hut shhiroijs (i.e., at 
A or B, never at C, Fig. 13). For we wish to avoid that the 
imago of one compartment should ci ime on the upper half of the 
retina and of the other compartment on the lower half, inasmuch 
as the upper half of the retina is less sensitive to light than the 
lower and so a less accurate judge of color. By sittiug as in 
Fig. 13, A or B, we get the compartments whose colors we 
are to match, on the right and left halves "f the retina, which 
are equally sensitive in most persons. 
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2, Dm a» Huh-- tigii ai pouiHs, and always b** light for a 
Mood having a low lnenioglol>iii peireutage than for one nearer 
the normal. Slight eolor distinctions are ftboluhad if them is 
any more light than is necessary for wimple. illumination; too 
much light dazzles us 
slightly ..ml sn makes OS 
less sensitive in color dis- 
crimination. 

;i. BoU "j' a ptect ■'/ 
paper [preferably biock) into 
II fubi of such size that it 
■q will fit over the metallic 
■D cell (D, Fig. 18) Sad rest on 
the platform of the iustru- 
luent. Looting through thit 
with one eye we can judge 
more accurately than with- 
out it. Keep th" ot her eye 
closed. 

t. i .-< J''-' < .</'■ """' 

ili.-„ ike other, and never 
loot mart Aon a few teootub ai <• time, as the eye very quickly 

gets siiltii'ii'iitly fatigued to lose its finer sensibility. Heno. the 
impression of a first glance is tatter than a long look. 

■"'. .'/"/'■■ Ili: /l-iim/i \i;;ir vitli ohort, ij'iirb iin'im yiithtr th"), 

■lotMjfond gradually, kv sodden color changes affect Um rsUna 

nrnre than gradual ones. Suppose, for example, we have got aa 

far us to decide that the tint of the diluted hi 1 mi lis j«>i uls in 

that of glass MNHHMrfl between the numbers 40 and GO on the 
scale. Move the MISW suddenly from 40 to 69 ; the shock of 
the change will protably convince y.ui (hat the blood color is 
lighter than 55. Therefore start this time at 55 and move it 
suddenly to, say, 45, which may show that 45 is too light. 
Thus by a series of quick movements of the screw getting 
■hortn tod ibarier net time (with frequent rests for the eyes) 
we can prolwbh get it down to a matter of doubt between, say, 
42 um! 4,V Be] Dud that few penaMflao go and many can never 
learn to read without an error of five to tcu per cut. 



Flo. a.-L, U*hi: A tad It. rtflit poiiii™, 
nbntnn ; C. wron* potflkm forotwrrrr 
it-ll In iilm*. 
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Necessary Errors. 

So far as I can see, a certain amount of error is absolutely 
necessary, inasmuch as the bit of colored glass to be seen at any 
one time through the aperture of the instrument is not (like the 
blood) all of one tint, but includes a variation of twenty per cent in 
color, i.e., if the glass appearing at one end of the aperture is 
opposite 50 on the scale, that seen at the other end of the aper- 
ture will either be at 30 or at 70. We have, therefore, to pick out 
as well as we can the color of the centre of the bit of glass show- 
ing through the cell and compare the color at that point with 
the color which is evenly distributed throughout the whole of 
the blood-and-water compartment. This is of course, strictly 
speaking, impossible. We can no more get hold of and sepa- 
rate out the color of that central point than we can seize and hold 
fast the present moment. It eludes our grasp. 

Many persons are not sensitive enough to colors to attain any 
reasonable degree of accuracy with the instrument, and there is 
moreover a very considerable difference between different instru- 
ments in respect to the color of the glass slip.* Finally the in- 
strument has been shown to be entirely unreliable for percent- 
ages of haemoglobin under 20. 

All these difficulties render the instrument an unsatisfactory 
one in many ways. Its bulk and expense are also considerable 
drawbacks. 

Is there no other way of getting at the information we desire? 
None of the other clinically available methods hitherto sug- 
gested are any more reliable than v. Fleischl's. But it seems to 
the writer that in the process next to be described, the specific- 
gravity estimation, we have a means of getting at the haemo- 
globin percentage indirectly, which may prove to be in many 
ways superior to any available direct method. 

Estimating the Specific Gravity of the Blood. 

The simplest and most available method for clinical use is 
that of Hammerschlag, f a modification of Boy's! method. 

* Old instruments read lower than those recently manufactured. 
fWien. klin. Wochenschrift, Hi., 1,018, 1890. 
t Proceedings of Physiological Society, 1884. 
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Chloroform is heavier than blood; beuzol is lighter. Mix in a 
urinometer glass such quantities of the two that the specific 
gravity taken by an ordinary urinometer is about 1059, i.e., that 
of normal blood. Puncture the ear, draw a drop of blood into 

the tube of a Thoinn-Z<-iss pipette, a email medicine dropper, or 
iinv other '■.t|iill:irv tube, and blow it out again into the chloriv- 

(orm-btnio] mixture. Tin- blond doef not nival oB with Ohm 

liquids but floats like a nnl bud. If it sinks to the bottom add 
chloroform, if it rises to tin. 1 top add beuol, until rinaily the 
drop remains stationary in the body of the liquid, showing that 
its specific gravity is just that of the surrounding mixture. 
Then take the specific gravity of the liquid, as we do of urine. 
and vim have the Specific gravity of the drop that floated in it. 
Tin' (allowing pneantioni are needed: 

I. Have the inside of the urinometer glass perfeotl; dry and 
oleaa; ofhfCWiM the drop of blond may cling to it and flatten 
out against it. 

■J. It is usually well to have more than one drop of blood in 
the glass in case any mishap occurs with the first one. 

3. Add the chloroform ami IjphzoI a few drop* at a time, Mid 
after each addition stii- fehfl whole mixture thoroughly with a 
glass rod. 

4. If we have IMtoo to suppose the blood will 1« lighter 
than normal (i.e., if the haemoglobin is probably low, vide tn/Vd), 
it was time to start with a lighter mixture of chloroform and 
benzol. 

5. Avoid having any car within the blood drop. This ran 
generally l>e seen either in the capillary tube or after the drop 
is in the mixture. It is safer to take the middk portion of the 
blood drawn into the capillary tnlie, as both the first and the 
last portions of the column are more apt to have air in them. 

Ii is Utter to have a urinometer with ft scale running as high 
us 1070. but this is not essential, for the clinically important 
ipeoific gravities are tow, not high. 

Tin- importance of the specific gravity of the blood, as hinted 
m t so much for itself, hut liecause it runs parallel to 
tin* i-'i'i'i-nt.ige of hemoglobin and gives a figure from which the 
latter can l»e computed. 

The specific gravity of the blood plasma varies very little 
(except in dropoff from any cause), and in the corpuscles them- 
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selves the variable element is the haemoglobin. ' Consequently 
in most non-dropsical patients the specific gravity of the whole 
blood varies as directly as the haemoglobin. 

Now, as it is far easier to take the specific gravity accurately 
than to use the v. Fleischl haemometer, and as the instruments 
needed are already in the possession of most physicians and 
the solutions not expensive, there are evidently great advantages 
in taking the haemoglobin in this indirect way. The chloroform- 
benzol mixture can be filtered and then used over again indefi- 
nitely, and the bulk and weight of the urinometer with its glass 
and the chloroform and benzol bottles, are far less than that of 
the v. Fleischl instrument. 

In dropsical cases we must still use the v. Fleischl instru- 
ment. In other conditions I do not see why it should not be 
supplanted by the cheaper, easier, more accurate, and equally 
quick method of calculating by specific gravity. To do this 
one of the following tables may be used. (I. is from Hammer- 
schlag, using the method above described ; II. is modified from 
Schmaltz, "Pathologie des Blutes," etc., Leipsic, 1896, using a 
direct weighing method.) Apparently a degree of specific grav- 
ity means much more at the top of the scale (i.e., 6.6 per cent) 
than at the bottom (If per cent). These tables are of course not 
accurate, and further research will be needed to make them so. 



i. 

Spec. Grav. Haemoglobin. 

103&-1035 = 25-30 per cent. 
1035-1038-30-35 
1038-1040 = 35-40 
1040-1045 = 40-45 
1045-1048 = 45-55 
1048-1050 = 55-65 
105O-1053 = 65-70 
105&-1055 = 70-75 
105&-1057 = 75-85 
1057-1060 = 85-95 
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II. 

Spec. Grav. Haemoglobin 

1030 = 20 per cent. ± 
1035 =80 

1038 = 35 

1041 = 40 

1042.5= 45 

1045.5= 50 

1048 = 55 

1049 = 60 

1051 = 65 

1052 = 70 
1058.5= 75 
1056 = 80 
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1057.5= 90 
1059 = 100 
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Study op the Finer Structures of the Blood. 

The study of dried and stained specimens with the help of 

the aniline dyes gives us much of interest and importance in 

1 Except in dropsy in which the corpuscles themselves may get water - 
soaked. 
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regard to the blood. More eta be told about a given 

the study of ti dried and stained cover-glass specimen than by 
am other single method. 

t\tparaH / for,,--/,/,,** SpeeAnau, 

») (.'overs carefully cleaned with soap ami water are ar- 
ranged at the bedside in such position that wo can quickly pick 
them up without touching their surfaces (see Fig. 1 ). The our 
is punctured in the usual way, and one of the cover-g lasses 
touched to the summit of the drop as soon as it emerges. This 
cover-glass is then let fall upon another 
iu such a way that tlnir corners do not 
coincide (Fig. 14). If the covers are 
.-li'.'iii the drop spreads ai met over tln-ir 
wbolesurfaee; as soou as it stops spread- 
ing, slide off the top one tpUkoai f>/t<>';i 
Hum 'i/mrt, but exactly in the plane of 
their surfaces. Have a gas or alcohol 
Bum at hand and dry instantly if you 
want to get the very best specimens; 
but this is not at all necessary for most clinical purposes. 
Tin 1 mitlcr cover-glass is always better spread than the Uffptr, 

{b) These covers have now to lie Jixtii either by heat or by 
half an hour's immersion in absolute alcohol and ether (etjnal 
jtarts ). 

When we wish to study chiefly the changes in the red cells 
(as in studying the malarial orgauism, nucleated red corpuscles, 
degenerative changes, etc.), the alcohol and ether method is 
preferable. Hut when, as in the majority of cases, it is the 
white colls in which our interest centres, the use of heat is very 
greatly to bt preferred. 

The method of fixation by alcohol and ether needs little com- 
ment, the cover-glasses being simply left iu the mixture half 
an hour or as much lunger as is convenient. Half an hour is 
enough. In most cases we use dry heat, which coagulates the 
albumin and prevents the haemoglobin from being washed away. 
The best -way to do this is iu a dry heat sterilizer at a tem- 
perature of 110-116 <'-. according to the stain used. The 
Icinp'T.-itnre must be gauged very accurately. If 
easily get access 1. 1 such an instrument, we can manage very 
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well with a strip of copper supported over a Bunsen burner or 
a small gas or oil stove. The copper plate should be about a 
foot long and two or three inches wide. Such a plate sup- 
ported on an iron tripod over a flame gets, after a few minutes, 
to have a fixed temperature at any given distance from the flame, 
the heat passing off at the end of the plate as fast as it comes, 
and so not accumulating. On this plate find the boiling point 
of water by dropping small drops of water on it, and put the 
cover-glasses at this point fact downward. They may be left 
there for from fifteen minutes to as long as you please ; but with 
the stain which I have used, fifteen minutes' heating gives as 
good results as a longer period, and excellent specimens can 
often be made with five minutes' heating. 1 After allowing the 
specimens to cool they are ready for staining. 

Staining. 

For all details of structure the Ehrlich tricolor mixture or 
one of the numerous modifications of it is most convenient. 
The most useful and easily obtained of these is made by mixing : 

Ehrlich-Biondi powder, 9 gr. xv. 

Alcohol (absolute) , 1 c. c. 

Distilled water, 6 u 

The Ehrlich-Biondi powder is best obtained from G. Griibler 
& Co., Leipsic, and the same firm supplies leading dealers in 
this country with the mixture made up ready for use. Several 
samples of this which I have tested have given excellent results. 
Others prefer to make up the tricolor mixture for themselves 
according to Ehrlich's directions. His latest formula is as fol- 
lows : 

Saturated watery solution of orange G, . 120-135 c.c. 

u acidfuchsin, . 80-165 " 

tt u u ** methyl green, . 125 " 

Glycerin 100 u 

Absolute alcohol 200 " 

Distilled water, 300 " 

1 If we are in a great hurry, the most important points can generally 
be made out even if the specimen is simply held in the finger over the 
flame as hot as can be borne for thirty or forty seconds, and stained the 
same length of time. 

* Grtlbler has lately called this the " Biondi-Heidenhain " powder. The 
two are practically identical. 
3 
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I have but little pergonal exjierieuce with this mixture, hav- 
ing generally used the Ehrlieh-Bioudi stain according to I he first 
receipt given above. 

The staining process is remarkably simple. The stain ia 
simply 8rm>ad over the surface of flu cover-glass specimen with 
a glass roil and washed off again with water after from one to 
five minutes. The exact time of staining defends (w) on the 
length i>f time thatthe specimen h:is been heated, and (/i) on the 
particular specimen of stain. The aniline colors vary so much 
that it is rare to get two mixtures that stain just alike, even 
though made upon the same formula. 

In a general way the shorter the time we heat the sin n-bo ■ ■ 
stain. Thus a specimen hastily prepared by holding it in the 
fingers over a flame, needs only thirty to sixty seconds staining. 
Those heated an hour need three to live minutes. 

Each observe! most work tin details out for himself after 
learning from snmo " show s[>ecimeu" how a good stain looks. 

After staining aud washing iu water, the covers are dried be- 
tween layers of filter paywr and mounted in Canada balsam, 
ready for examination with the one-twelfth oil-immersion lens, 
with wide open diaphragm. 

Differential Counting. 
The only procedure in the microscopic examination of such 
specimens which needs any description is that of making the so- 
called "differential count" of the leucocytes (f.c, determining 
» hat |" ivi'iitageof the leucocytes present belongs to each of the 
sub-varieties as Jmwii fltwl on pp. 45-6*7), To do this accurately 
we should examine at least "lie thousand leueoc* tes — the exami- 
nation being simply tlie classification of them under their differ- 
ent snb-varictii"*. A movable stage is very convenient though 
not ' «& ui iiil for this purpose. With such a stage the technique 
is simply to start, with the lens iu, say, the xfyrr f<j'f-!t»n.i corner 
of the blood film and, by turning the screw of the mechanical 
stage, move the preparation slowly pasi (be eye until the tipf»-r 
right-hand comer is reached. During this process as t lie c. lit 
Jipjiear in the field they are checked off and put down under one 
or another heading. Then move the stage so that the lens is 

just i tield'B diameter nearer th» right-hand Zouw corner of 

the preparation, and go back again from right to left. following 
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the serpentine track indicated above in Fig. 6. To move the 
lens just one field's diameter we have only to fix the eye on a cell 
at the extreme edge of the field and then move the stage till that 
cell disappears out of sight on the opposite side of the field. 
Thus we avoid any chance of counting the same cells twice, and 
yet are sure not to miss seeing any. 

As we go back and forth in this way, we notice chiefly the 
white cells of course, but yet keep our eyes open for any unusual 
appearances in the red cells. Usually these move by in a 
monotonous stream, one looking much like another, but in 
pathological blood we must always be on the lookout for nu- 
cleated red cells, degenerative changes, and variations in size 
and shape. In malarial cases of course our scrutiny is directed 
chiefly upon the red cells. 

If we have not the help of a movable stage we try to do the 
same thing moving the slide with the fingers. With moderate 
care there is no danger of counting the same cells twice, but 
we cannot help missing a good many altogether, so that although 
accurate the process takes longer. 

When leucocytosis is present, at least one thousand leuco- 
cytes can be found in a single well-spread seven-eighth-inch cover- 
glass specimen. In normal blood we may need to go through 
two to three covers. 

Bacteriological Examination. 

Blood obtained by the ordinary method of puncture is rarely 
fit for bacteriological examination. The following is the better 
way: 

Sterilize the skin over the flexor surface of the bend of the 
elbow, and wash off thoroughly the agents used for sterilization 
with boiled water or boiled normal salt solution. Have an as- 
sistant grasp the upper arm so as to prevent the venous return 
and distend the large veins at the elbow. Into the most promi- 
nent of these plunge a sterilized hollow needle connected with 
the bulb of a sterilized syringe. All traces of antiseptics must 
be carefully washed out of the needle and the syringe bulb be- 
fore using. 

When the needle penetrates the wall of the vein the blood 
usually begins to flow into the bulb of the syringe, and this is 
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hastened by gently withdrawing the piatoo until 1-2 c.c. of Mood 
are in the bulb. Then withdraw the needle, press a pad of 
sterilized gauze over the wound, and exjiel the blood before it 
coagulates into a blood-serum culture tube so that it shall run 
down over the whole surface of the " slant" and collect a little at 
the bottom. The tubes are then put at ouce into the thermostat. 

In examining for the gonocoecus the blood is to be mixed 
with equal parts of agar-agar (previously melted down so as to 
be mixable but not hot enough to kill the organisms), and then 
plated. 

The further examination of cultures falls outside the scope of 
this book. 

In the above procedure the only difficulties are: 1. Some- 
times it is hard to find a vein and to get the needle into it. 
% Oecasionally we get the needle entirely through the vessel 
into the tisuses on the other side. 

If the blood does not flow readily into the bulb one of these 
two mistakes is usually the cause, but occasionally in those 
wluise vessels ;irn \erv small nr wlntsi? i-irculatioii is vrn book 
(as in the moribnnd) it is very hard to get the requisite amount 
of blood. Only practice helps us to avoid these difficulties. 

The procedure causes hardly more pain than the use of an 
enduwj miboalttieotK injection; the process of sterilization is 
usually more irksome to the patient than the puncture. 

Bleeding is trifling, and within twenty-four hours there is 
usually no trace of the puncture left. A sterilized dressing with 
moderate pressure should be applied. 

Other Methods of Blood Examination. 

It is perhaps worth while briefly to mention some other 
methods of blood examination of which no account will be 
given. 

1. Putniiiiiimliiiii of t\u?. alhiUnitifoi the blood. No clinically 
available method has been devised and the accuracy of any 
iiirllii.il IhHiiiiIii iliimii itmil] has bean doubted by good authorities 
(v. Noordeu, v. Limbeck). 

'>. f!t>.t--!tiiirt ../' the ;■<■(■/ corpitxcles to the infhtrmt of di»- 
tilirtl ivater. As is well known, water breaks up red cells, but 
if we add a certain amount of alkali, say NaCI, the cells re- 
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main uninjured. The amount of NaCl which has to be added 
to prevent the destruction of red cells is from 0.44 to 0.48 per 
cent. Under certain pathological conditions it needs either 
more or less of the salt to keep the cells intact, i.e., they pos- 
sess an increased or diminished power of resistance against the 
destroying influences of distilled water. The degree of con- 
centration necessary to maintain red corpuscles intact is known 
as the isotonic coefficient of the blood as stated in terms of a 
given salt; 0.44-0.48 is thus the coefficient of normal blood cor- 
puscles in NaCl. 

Possibly this method of examining blood may in the future 
give us knowledge of clinical value. At present it is not clini- 
cally applicable. 

The resistance of the blood cells to the influence of elec- 
tricity, heat, and mechanical pressure has also been investigated 
in various conditions of health and disease. 

3. The rapidity of coagulation varies markedly in different 
diseases, but no reliable way of measuring it has yet been found. 

4. The amount of solids in a given quantity of blood can be 
determined by weighing a given amount of blood before and 
after six hours' drying at 65° C. Inasmuch as the haemoglobin 
percentage and the specific gravity run practically parallel with 
the amount of solids this method has no considerable clinical 
value. 



PART II. 



PHYSIOLOGY OF THE BLOOD. 



CHAPTER IV. 

Only such portions of our knowledge of blood physiology 
wiil be entered upon here as are necessary for an understanding 
of the small group of pathological changes which can be profit- 
ably investigated by clinicians. This limits us for the present 
to the morphology of the blood, its coloring matter, ami i 
under physiological conditions. 



APPEARANCE OF FrESB NORMAL BLOOD. 

A drop of normal blood spread between slide and cover-glass 
as directed on page 7 and examined immediately with a one- 
twelfth immersion lens, amazes ns first of all by the entire ab- 
sence of any red color. All we see is a colorless liquid in which 
masses of very pale greenish-yellow discs are Boating or lying. 

/. Bed Corpwdrs. 

(a) If the blood is spread thickly the blood discs are often 
arranged in tiw/nt-w of midninx (Fig. 15). The entire absence 
of this tendency to rouleaux formation is pathological. It is to 
be avoided, of course, as far as possible, as it gives U oodj Su 
thin edges of the corpuscles to look at aud covers up much that 
we need to study. Thin spreading of the blood is therefore im- 

pectufc 

(b) There is not much variation from the rn-iimitvhj round 
*ti'tj»- of each corpuscle iu normal blood, except where one is 
indented by another. As they are moved about by the omenta 
•et in motion by the gradual drying up of the plasma and strike 
against each other, they bend, double up, or indent Mob other, 
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like bags of jelly, but yet always have a strong tendency to 
return elastically to their round outline when free from pres- 
sure. Thus a corpuscle passing through a narrow passage be- 
tween two leucocytes will be flattened out like a worm ; but as 
soon as it emerges on the other side, it will be as round as 
before. 

(c) The central biconcavity of the cell, being thinner than the 
rim, is lighter colored. Just how much lighter should be learned 
by practice so that we may detect any abnormal pallor of the 
corpuscles due to lack of haemoglobin. Pallor is to be seen 
mostly in the centre of the cell, which in extreme cases seems 
almost transparent. This is not to be confounded with the 
highly retractile glistening white centres seen as a mark of 
necrosis as soon as the blood begins to dry up. A fuller de- 
scription of these appearances is given in the chapter on the 
malarial organisms, with some forms of which it may be con- 
founded. 

(d) Slight variations in size are present among normal red 
discs, and here again only practice can teach us where the normal 
limits end and the pathological begin. Cells may be (patho- 
logically) all undersized or all oversized, so that a standard of 
comparison is not always to be looked for in the preparation 
itself. 

(e) If we focus carefully on a single red cell we can usually 
make out a fine, wavy, so-called molecular motion in it. This is 
quite different from the active amoeboid movements observed 
in dying cells, and from the rapid dancing of malarial pig- 
ment. 

(/) The familiar appearance of spines all over the cells 
usually called u crenation" need not be described here (see Fig. 
18, p. 72). 

But it is the very earliest beginnings of crenation that lead 
to mistakes, as when only one projection has been developed 
and that points toward the eye, so that a bright spot in the cor- 
puscles is all we see. 

( g) Unless we disinfect the skin before jmncturing we must 
be prepared to find in fresh preparations (a) oil drops; (b) epi- 
thelium; (c) particles of "dirt;" {cf) small colorless motile 
organisms about 1 m in diameter, which are not at all rare but 
whose nature is unknown to me. 
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(A) We may make a mugh estimate, of tht> )i"iiil>ir of i<<l <■• 
present if we take cure to spread the drop of the same thickness 
each time. The eye gets used to the ordinary look of a well- 
flQed fieldcl curpnscles and notices a look of thinness if any 
oooBideeable anemia is present. 

(i) The i.li >/ru< mlirr rliniitjeg to be seen in normal blood after 
long exposure to the air, which can get in between slide and 
cover, are descrilied in detail later on. In pathological blood 
we may find these as soon as the blood is drawn. 

//. Whit.- Crih. 

(u) T/if rrlii/? <ir rrj/irlixs on-fnitH-h's are but little different 
bom the red in color, the latter being so neaily colorless. We 
first notice them either by their aiuueboid movements, or because 
they are not moved by the plasma currents, bat stand like a rock 
round the sides of which the current of red cells is broken. 
They are slightly larger in most instances than the reel cells; but 
this difference. UOWfl leu in the fresh B]>eeiiuen8 where the leu- 
I'.nvte keeps itB spherical uap8 than in the dried ami st:iineil 
ptepajationa, irhen it i- usually somewhat flattened. Their 
shape is very irregular and their edges often look tattered. 

In some leucocytes the amosboid motions aro entirely absent. 
These are the smallest sizes, aud in them a single nucleus rilling 
mo.-t of the cell on often Ihi inim They are much more nearly 
sjiln rii.il und less irregular than the amoeboid eelU, 

The large amo'lx >id leucocytes aiv more i.r less granular, and 
in iiiIjuh Ugfata ili. ih (.''anuji'S tool quite dark and are some- 
times mistaken for bits of malarial pigment. This is especially 
true of the ooofm ontRufar cells seen occasionally; staining 
shows these large granule-, much more distinctly ( = eosino- 
phile — see lielow, ji. !>l) ; cells of this type are the most actively 
*««*m 'if all. 

(6) The most ini|>ortant point in conn--i-tii.ii with the leu- 

oocytes is their ratio to the red cells. This is estimated in 

j ■ ■ ■ t ■ j : ■ 1 riniuting but by refroiu'r bo 

a standard fixed in the mind by study of normal specimens, and 

tuj oonadenbta Ipciroino oj the rhita oelli would ba Dotioed ■! 

CttOB, N:itinvtllv m most DOl judge from any one part of the 

bi di.liilniti-'ii nf tin- li'iicocytes maybe unequal in 
different parts of it. 
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1 III. Blood Plates, 
Unless the number of these elements is increased by some 
pathological influence, we seldom notice them at all in normal 
blood. This is because we do not work quickly enough in pre- 
paring our specimen. Hayem recommends that the cover glass 
be laid upon the slide before the puncture ia made, and as soon 
as the drop emerges it is allowed to run in between slide and 
cover by capillary attraction, thus avoiding contact with the air. ' 
The blood plates are irregularly shaped, very cohesive elements, 
about one-half the diameter of a blood disc, usually seen cling- 
ing together in masses like zooglcea. They are colorless and 
not amoeboid and look like dfbris. 




ork of Normal Blood. 



IV. Fibrin NehvorTc. 
After a specimen of fresh blood has stood for some time ex- 
posed to as much air as can creep in between slide and cover- 
glass, we begin to notice a network of fine straight lines in the 
spaces between the corpuscles. Here and there these filaments 
1 This is a very satisfactory way it we wish to see the corpuscles as 
fresh and unspoiled as we can. Put a cover-glass on a slide so that the edge 
of one is just over the edge of the other, and, holding them in this position 
with finger and thumb, put their superimposed edges into the side of the 
drop aa it emerges. It will run in between them by capillary attraction. 
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seem to radiate from a centre where irregular, colorless masses, 
apparently blood plates, are to be seeu (Fig. lfi). 

No stain is needed to demonstrate these fibrin threads, bnt 
a small -aperture diaphragm and very little light makes them 
plainer. Their only importance is that under certain pathologi- 
cal conditions the fibrin network is very much increased and 
helps us in the diaguosis (Fig. 1U). Hence it is of importance 




to be familiar with the ordinary closeness of the network in nor- 
mal blood as a standard of comparison. 

For an account of the conditions of its increase *M I Qwpiw 
IX., page 107. 

Average Diameter, of Red Cells. 

The blood under normal conditions shows considerable varia- 
tions in the size of its corpuscles in the fresh suite as well as in 
stained specimens.' 

1 A method of measuring, approximately accurate, and easily appli- 
cable in clinical work is the following : 

Using a camera lucida, trace on paper the divisions of a fine stage mi 
rrometer as seen under a one twelfth oil im mem ion lens, such micrometres 
are usually ruled to one orx-liimdretli of u millimetre. Approximate ac- 
curacy in our tracing can he obtained if the process ta repented till the 
divixiona marked in successive drawings correspond accurately one with 
another. Care must ba taken that the paper is flat upon the table beside 
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The following table (v. Limbeck) shows the results of various 
observers. 

Normal Limits. Average Diameter. 

Welcker diameter = 4. 5-9. 5 m. 7 u 

Valentin 7 n 

Malinin 7.7 ft 

Hayem diameter = 6-8.8 ti. . 7.5 p 

Mallassez 7. 6 ti 

Laache diameter = 6-9 n 8.5 m 

Bizzozero 7. 075 /i 

Gram diameter = 6.7-9.8 n 7.850 n 

Average = 7. 5 ti 

These differences depend partly on differences in the method 
of measuring (wet or dry), and partly on the fact that the age 
and conditions of nutrition in the persons selected make a 
difference. In the new-born, and to some extent throughout 
childhood, the normal limits of variation are wider than in adults 
(3.3-10.5 /^, Hayem) . Sex appears to have no constant influence. 

Gram ' noted that the measurements published by observers 
living in southern Europe are smaller than those of northern 
Europe (Italians 7-7.5, Germans 7.8, Norwegians 8.5). 

The majority of any individual's red cells are certainly about 
7.5 /* in diameter, and this may accordingly be taken as our stand- 
ard (Hayem counts twelve per cent under 6.6 /*, twelve per cent 
over 8 /*, the rest 7.5 /*). 

the microscope, and not raised on a block or otherwise ; also that the part of 
the paper on which we draw should be perpendicularly under the mirror and 
not off to one side. When a drawing has been made with these precautions, 
we have only to divide the space between each of the lines in our drawing 
into ten equal parts, and we have a ruler, each division of which repre- 
sents 1 ti as seen under a one-twelfth oil immersion lens, with the length of 
tube of the particular microscope used. To use our m- ruler we have only to 
draw with the camera lucida any cell whose size we want to know, using 
always the same microscope, the same length of tube, and the same lenses, 
and having the drawing paper (as before) flat on the table and perpendic- 
ularly under the mirror. The drawing thus made is measured with the 
M-ruler like any other object. 

With this method a cell can be measured in a few seconds and with 
sufficient accuracy {i.e., within 0. 5 n). 

1 Fortschritte der Medicin, 1884. 
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Normal Number of the Hed Cells. 

1. At the level of the sea nnd in lulult life 1 in- normal number 
of red cells per cubic miltimeti'o is about 5,000,000 fur men ami 
4,500,000 for women. This is not infrequently increased iu very 
vigorous, healtliy persons; 0,000,000 is by no means rare among 
healthy young men, and higher figures are seen occasionally. 
Attitude BOOM the tea tend raises the count invariably (ma baknr, 
page 65). 

2. The influence of imwiliiiiifi'nii, oMUMrtt, fatd lactation is tu 
diminish the red cells temporarily, the amount of the diminution 
depending not only on the amount of blood lost but on the 
cu parity of the individual organism for blood regeneration. 
At puberty, when sexual fuuetious are being established, Wl 
expect lower counts than after the establishment of the 
function. Normal pregnancy does not affect the count of red 
cells. 

3. The count of red cells par cubic millimetre is raised by 
any cause inducing concentration of the Hood, such as profuse 
sweating, and is lowered by the temporary dilution of the blood 
after large draughts of liquid- In these changes, which are al- 
mjl vim v transient, the haemoglobin and specific gravity in 
a given drop are of course increased with the corpuscles. 

PoMMtor influence* affecting the calibre of the peripheral 
vessels (hot or cold baths, exercise, etc.) may temporarily con- 
centrate or dilute the blood by affecting the interchange of fluid 
between the vessels and the surrounding lymph spaces. By 
these processes the blood in the peripheral vessels may show an 
increase or diminution in the cellular elements, the lwiuoglobin 
and specific gravity corresponding to the greater or less conceu- 
trution of the blood at that point (on these poiuts see below 
page 680, 

Hayem noted that in young people especially the number of 
red ealb Taxied aonsidenU] ■ it limit any notable change in con- 
ditions. In adults the oscillations were much smaller. 

4. figfuanM of Natr&hm on Ae Yumfter of Bed 0tSS$, 

A. After a mtaJ, especially when considerable liquid is taken, 
tho blood is temporarily diluted and hence tin- count <>f led cells 
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per cubic millimetre is diminished (v. Limbeck; Eeinert). 
This is illustrated by the following case from v. Limbeck. 

Adult, Male, Healthy. 

Red Cells. White Cells. Hb 

11 :15 A.M 5,530,000 7,660 08 per cent. 

12 m. dinner. 

12:15p.m. 5,320,000 6,166 

1:15 a 5,480,000 8,500 

2:15 u 4,738,000 12,000 

8:15 " 4,872,000 14,000 89 per cent. 

4:15 a 4,720,000 10,830 89 

As the white cells rise (digestive leucocytosis, see below, page 
83) the red fall. 

Fasting, by concentrating of the blood, temporarily increases 
the number of red cells (400,000-600,000 increase after twenty- 
four hours' fast). 

B. General Nutrition. — Lean, muscular people have on the 
average more red cells per cubic millimetre than fat people 
(Leichtenstern, quoted by v. Limbeck), other things being 
equal.' 

As above said, fasting (by concentrating the blood) raises the 
number of red blood cells, so that it is not simply hunger that 
gives us the diminution in red cells commonly found in poorly 
nourished people, but rather the influence of bad hygiene in the 
slums, etc. 

5. Seasons and the time of day seem to have no influence in 
themselves. The same is true of race and climate. The only 
exception to this is reported in the work of E. Below, 3 who 
found in yellow fever districts an average count of only 4,700,000 
red cells per cubic millimetre and the diameter of the individual 
cell reduced to 5.9 /* on the average (7.5 u- = normal). 

6. Fatigue. — Hayem noted a loss of from 500,000 to 1,000,- 
000 red cells per cubic millimetre in the blood of a number 
of farmers after a hard summer's work, the counts made in 
September having been compared with those of April and al- 
ways found to be lower. Whether fatigue is the only cause of 
this diminution may be doubted. 

1 The influence of stasis in the obese, whose fat loads the surface of the 
heart, is to cause an apparent increase of red cells (see below, p. 60). 
* "Deut. Tropenhygiene, w Berlin, 1895. O. Coblanz. 



40 



CLINICAL BLOOD KXAMIN ATION. 



7 J/.— In the uew-l>oru the number of red cells is verv 
high for a few days (7,000,1)00 tn 8.800,000), but falls at ti^e 
ond of seven to ten days (see below, page 86). 

In the very old n certain degp f nuicinia is, so to s]>eak, 

physiological ; but tliis, which like the plethora of tho new-born 
is to be referred not to the fact of age, but to concomitant iutiu- 
euces, is by no meaus invariable. Schmaltz reports tl, 766, < KK> 
red cells in a mau and of eighty-one and 4,816,000 in a woman 
of seventy -four. 

Normal Number of White Cells. 

T!j<> figure usually given for adults is 7,500 per cubic milli- 
metre. This varies a good deal, according to the nutrition of 
the individual (see below, page 81) and also at different times 
of the day, owing to influences not explained, Tho influence of 
digestion will be Mentioned later. In animals a slight shock ' is 
sufficient materially to affect the count of leucocytes; 5,000 to 
10,000 mej be Betted the normal limits. There is, I believe, no 
evidence to show whether or not mental disturbances {fear, rage, 
emotion of various kinds) offset their number. Other causes of 
Variation will be discussed under Leucocytosis. 



Buon Plates. 

The number of blood plates is bom 200,000 to 300,000 under 
uormal conditions. They are the chief constituents of white 
thrombi, and wherever they are diminished &.</., in haemophilia, 
purpura) clotting is apt to be slow. They are increased in 
leukemia and in many cases of gravB anrcniia, In the Beverer 
types of many infectious diseases (typhus, erysipehis, malaria i 
they iire diminished, and In malaria they are sometimes wholly 
.iIj-.tiI during tins fever. In pneumonia and tuberculosis they 
aie normal or increased. In purpura and haemophilia they are 
H T I fflntin lul much diminished or absent. 

The physiological limits of the amount of htemogblm and 
of the tptsnjk f/rrivittf have already been mentioned. Under 
pa^tiologiea] conditions their variations follow those of the 
count of red cells. 

• LBwM : "StuJie-o a I'liy.iol. and P»thol. d. Blutes," etc.. Jena, 1894. 



CHAPTER V. 

f 

FINER STRUCTURE OF THE BLOOD. 

I. Appearances of Dried and Stained Specimens. 

Cover-glass specimens prepared and stained as above di- 
rected give us more information of interest and importance than 
can be obtained from any other one method of blood examination. 
Approximate ideas of the quantity of red cells, of white cells, 
and of haemoglobin can be formed, parasites and bacteria can be 
seen, and the whole mass of evidence based on the finer structure 
of the leucocytes can only be obtained in this way. The ap- 
pearances of a specimen of normal blood prepared in this way 
are as follows : 

Ked Cells. 

1. The haemoglobin stains with the orange G of the tricolor 
mixture, and in a proj)erly heated specimen the red cells are of a 
brilliant yellow or pale orange tint. If overheated they have a 
feebly stained, washed-out look, while if underheated they are 
more or less brown or gray. 

The degree of pallor of the centres corresponding to the 
amount of haemoglobin in the corpuscle can be gauged much 
more accurately with this stain than in the fresh preparations. 
The color of the edges is not much affected by pathological 
changes, the centres being the test. But in cases with extreme 
poverty of haemoglobin the colored rim may be reduced to a 
mere shell and the rest may be almost completely colorless. 
The power to estimate the amount of anaemia in this way can 
be easily acquired. 

An approximate idea of the number of red cells may be 
formed by any observer who has learned to use a uniform 
technique in each case and to spread the blood of a standard 

thickness. 

2. Nothing is seen of the fibrin or blood plates, as a rule. 
In normal cases the plasma does not stain at all. 
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White Ooifdbcub. 

3. The chief purpose ami use of the " triple stain" is for dis- 
tinguishing the varieties of white corpuscles, ami the pathologi- 
cal states of the red. About the normal red cells it gives us uo 
iiifm ■tiintii'ii that cannot be obtained as well by various other 
stains, but our knowledge of normal leucocytes has beeu im- 
mensely enlarged by its use. 

In normal blood stained as above directed, we recognize the 
following varieties of white cells: 

(1) Small lyuiplM-ti/i:? (see Plate I.). These consist mostly 
of a ronnd blue nucleus about the siiw of a red cell, ud sur- 
rounded by a thin coating of protoplasm, faintly stained or in- 
visible. 

The nucleus may 1»- ennsiiieniHy smaller than a red cell, in 
which ease it is almost certain to stain deeply, nearly black. 
Tin' larger it is the more apt it is to be pale, as if there were a 
fixed amount of colorable matter which got spread out tliin when 
the nucleus grew larger (see Plate I.). 

There is no line to be drawn between this form and that next 
to be described, namely, the "large lymphocyte" or "large 
mononuclear cells," which is simply larger and paler. 

The small lymphocyte is without much doubt the youngest 
form of leucocytes seen in the blood — that IS, it is the white a ,r- 
puscle just after it has graduated from the adenoid organs where 
it iB formed. It grows both by increasing its protoplasm and by 
iiici-i'iisiiig the Hi/r i.f its nucleus; but the former grows faster 
than the latter, so that in the so-called "large lymphocyte" the 

nucleus DOOapUB relatively le-s of the ceil thai! when it WOS 

younger. 

In many cases we do not see in the blood all the stages of 
this growth. Lymphocytes are either "small" (5-10 n in 
diameter) or "large" '(13-15 /• in diameter) (see Plate I.). 

In other cases we find every intermediate size, both of nucleus 
and of the cells as a whole, and tu such cases it is ■trad to 
b vision into " large" or " small." though we may be 
able to say in a general way which size predominates. 

(2) The theory that the " laiyi" ,i,,„„,,in,-Utir .ells come from 
the spleen and the small mononuclear from the ly mph glands 



PLATE I. 

Fia. 1.— (a) Polymorphonuclear NeutrophUes. Note the varieties in 
size and shape of granules, the irregular staining of the nuclei, the light 
space around them, their relatively central position in the cell. 

(6) Myelocytes. Note identity of granules with those just described ; 
the even, pale stain of nuclei ; their position near the surface (edge) of the 
cell. The two cells figured indicate the usual variations in the size of the 
whole cell. 

(c) Small Lymphocytes. In the cell at the left note transparent proto- 
plasm ; in the cell next to it note very pale pink ring of protoplasm around 
nucleus which is deeply stained, especially at the periphery. The next 
cell has an indented nucleus ; its protoplasm relatively distinct. The cell 
on the extreme right shows no protoplasm and is probably necrotic. In all 
note absence of granules. 

(d) Large Lymphocytes. Note pale-stained nuclei and protoplasm, ir- 
regularity of outline ; indented nucleus in one. Every intermediate stage 
between these and the "small" lymphocytes occurs, and the distinction 
between them is arbitrary. 

(e) Eosinophils Note irregular shape, loose connection of granules, 
their copper color, their uniform and relatively large sice, and spherical 
shape. 

(/) Eosinophilic Myelocyte. Note similarity to (o) ordinary myelocytes 
except as regards granules. Color of granules may be as in (e) ordinary 
eosinophils 

All the above were stained with the Ehrlich-Biondi mixture, and drawn 
with camera lucida. Oil-immersion objective one-twelfth and ocular No. 
iii. (Leitz). 

Fig. 2.— -Malarial Parasites in Fresh (Unstained) Blood (Tertian 
Forms). A*, A', normal red corpuscles ; 1, red cell containing hyaline body ; 
2, 8, 4, 5, successive stages in the development of the parasite, showing 
acquisition of pigment; 6, 7, full-grown parasites, the corpuscle no 
longer visible ; 8, beginning of segmentation ; 9, segmentation. In 6 and 
7 note brownish blur behind the pigment dots. Drawn as in Fig. 1. 

Fio. 3. —Tertian Parasite Stained with Eosin and Methyl Blue. The 
remains of the corpuscle containing the parasite stain pink, the parasite 
blue, and its pigment black. The stages of growth correspond with the 
numbers attached. Note in Figs. 1, 2, 8, and 4 the shape of the parasite, 
shown better than in fresh specimen. 

[Owing to a mistake the cells in Fig. 8 are not drawn according to a 
single scale and their relative sizes must be disregarded.] 
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Fig. l. Varieties of Leucocytes. 
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Las been abandoned by most writers of late years, and it is now 
generally supposed that all the leucocytes enter the blood (under 
normal conditions) as small lymphocytes and then grow up, the 
different forms seen in the circulating blood representing differ- 
ent stages of growth. 

The protoplasm of the lymphocytes, as has been said, is 
always hard to stain. Sometimes it has a faint pinkish tinge, 
more frequently it is grayish or very light blue, and in some 
cases it stands out brilliantly transparent and colorless against 
the faint purplish tinge of the surrounding plasma (see Plate I. ). 

I have described the lymphocytes so far as "mononuclear," 
but it is not rare to find even very small ones (6 v in diameter) 
whose nucleus has a deep cut in one side or has divided into 
two parts. I believe it is commoner to find a nucleus in the 
small forms than in the "large lymphocytes." The inapplica- 
bility of the term " small mononuclear cells" or " large mono- 
nuclear cells " to this variety of corpuscle is evident. The dis- 
tinguishing mark is not the single nucleus but the absence of 
granules. 

In the younger and smaller forms of lymphocytes the 
nucleus, even when dividing, is compact and fills most of the 
cell. But as it grows older, instead of simply getting larger 
and paler, the nucleus may begin to bend and branch in the cell 
and then we get the so-called 

(3) " Transitional forms," which are no larger than the larger 
size of lymphocytes, from which they differ only in that they 
have an indentation in their nucleus — either a narrow cut or a 
bav so wide that a "horseshoe" nucleus results. This is the 
transitional form according to this nomenclature. There is no 
reason for calling it so, as all the forms of leucocytes are transi- 
tional, but there is some convenience in the name. Like most 
large lymphocytes it is pale all through — pale in both nucleus 
and protoplasm — and often escapes notice in hasty examina- 
tions. Sometimes its protoplasm is sparsely covered with faint 
granules. 

(4) Next in age come the cells usually known as "poly nu- 
clear" but more properly called polymorphonuclear neutrophils. 
These cells constitute the vast majority of those found in ordi- 
nary pus. The main difference between them and those last 
described is in the possession of granules, when stained by Ehr- 
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Jich's methods. The nucleus stains usually quite deep bine, or 
greenish-blue, and irregularly, /.c, more intensely in some 
parts than in others. It is very irregular in shape, being 
twisted about in the body of the ceU, possibly in consequence 
of its amcehoid movements. Here and there it may dive down 
ki> deeply lx>neath the surface of the cell that it is hidden 
uii.lir :i thick layer of granules, reappearing in another part of 
the cell so that it seems to be broken in two. Occasionally, no 
doubt, this is actually the case, but generally there are "under- 
ground connections" between the apparently separate pieces of 
nucleus. Now and then we see a cell (degenerating) where the 
granules have fallen away, leaving the nucleus like a sin nt. tln.k 
snake, very rarely two. 

Ono war sees any two of these cells whose nuclei are of the 
same shape. Hence the term "ifolymorpbonuclear." The 
windings and twistings of the nucleus have suggested compari- 
sons to the letters Z, 8, E, etc. 

The granules which fill the body of the cell and in which the 
□ncleus is embedded staiu well only with neutral stains like Ehr- 
lich'a. Acid stains like eosiu, and basic stains like methyl blue, 
do not bring them out clearly. Hence the term " neutrophilic" 
is not strictly accurate ; more projierly they are oxy phiHc. With 
the Ehrlicli-Biondi mixture they stain violet or purple, some- 
times pink. They are very small and irregular in shape and 
size, contrasting with the large, round, " eosinophile" granules 
«+, (see below). The cells being spherical 

""**—... /jM^i th" granules lie over and around the 
nucleus, not simply at the tidt of it. In 
their interstices we seem to see a pinkish 
background of cell snlwtance. These 
" neutrophilic" granules, which are so 
small that except with very high powers 
they look like a diffuse stain, are gener- 
ally ili'vliipcd only in the adult Ufa of 
the cell. In normal blood we rarely if 
ever find them except in cells whose nu- 
cleus has reached the polymorphous stage. Occasionally we 
seem to see monuHttclcar nafrOpkBm, having a round nucleus 
with ueutrnphiHc granules, but careful focussing usually shows 
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that the appearance of a round or rod-shaped nucleus is given 
by the tight coiling of the ribbon-like nucleus round one of its 
ends, or else that a horseshoe nucleus is seen from the point of 
view indicated in Fig. 17. Thus if the eye be at the point A the 
nucleus will appear of the shape indicated in B. 

(5) If the variety of leucocyte last described is to be con- 
sidered as "adult" or "ripe," the eosinophiles will correspond to 
the old or overripe cell. There are some difficulties in the way of 
this hypothesis, but it is convenient to adopt it for the present. 

The " over-ripe" cell has, like its predecessor, a polymorphous 
nucleus and granules ; but the nucleus is paler and more loosely 
connected to the granules, and the latter are accurately spherical, 
of uniform size, and much larger than any seen in the neutro- 
philic cell. They have strong affinity for acid coloring matters 
(eosin, acid-fuchsin, etc.), hence their name. In specimens 
stained with simply eosin or eosin and methyl blue they are 
very brightly colored pink. With the Ehrlich-Biondi mixture 
they are more of a copper or burnt-sienna color. Someind ivid- 
ual granules stain much darker than others in the same cell. 

The eosinophiles are the most actively amoeboid of all the 
corpuscles, and it may be for this reason that the different parts 
of the cell seem so loosely strung together. The granules may 
be all at one side of the cell and the nucleus on the other, and 
in cover-glass specimens we very frequently find actual separa- 
tion of the two, whether or not by the technique of spreading 
the blood is unimportant, as we find such broken cells much 
more often among the eosinophiles than among any other 
variety — which argues a weaker structure. 

Sometimes there seem to be two or more distinct and separate 
nuclei in the cell, no u underground connection" being traceable. 
The granules are seldom over the nucleus as we see it in cover- 
glass preparations, but cluster round it loosely. 

The cell as a whole is usually a little smaller than the u neu- 
trophile" and more irregular in shape. In stained specimens 
the neutrophile is seldom seen with a pseudopod extended, 
whereas the eosinophile often shows it. 

The staining of the nucleus is more even as well as paler 
than that of the neutrophile, and with the Ehrlich-Biondi stain 
often has a robin's-egg tint. 
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The four stages of growth in which wo usually tiud leucocytes 
in the blood are these: 

1. Small lymphocytes, / .. 

2. Large lymphocytes and transitional forms. | " 

3. Polymorphonuclear neutrophiles — adult cells. 

4. Eosinophils — old cells. 

0. A fifth variety of leucocyte — the basophilic "mast cell" — has lately 
been described us a constituent of normal blood, though in very small 
numbers. In leuka;ruia it is Dot very uncommon, but no special signifi- 
cance is attached to it. 

With Elirlich's stain the basophilic granules of this cell are not seen or 
appear only as clear white spots. Stained with the following solution 
they are easily seen : 

Dahlia (saturated alcoholic solution filtered), . SO 

Glacial acetic acid 10-13 

Distilled water, 100 

Covers should be left twenty-four hours in this mixture, then washed 
and mounted in the ordinary way. The nucleus is usually polymorphous. 
Where these basophilic cells belong in the life history of the leucocyte is 
uncertain, and they have as yet no known clinical sign iii can ce. 



Terms. 

Xo one cau feel more unsatisfied with this terminology than 
the writer. It rests partly on a theory of the origin of the cells 
(" lymphocytes"), partly ou the properties of the nucleus (" poly- 
morphonuclear"), and partly on affinities for aniline dyes ("ueu- 
trophile"— " eosinophils"). 

All that can be said for it is that it discards certain very mis- 
leading names like "splenocyte" (a term applied by some to the 
larg" lymphfH-ytes according to the now exploded theory that 
they came from the spleen), or like "small mononuclear" to 
designate cells not rarely polynuclear. 

The cumbrous word " polymorphonuclear" is a shade better 
than " |ml.\ nuclear," in id that is all to be said in its favor. 

It ia greatly to l>e ho|>ed that we may ere long have a new 
and improved terminology by some competent student. While 
waiting for this the writer has thought it best to save time and 
space by speaking of them often as "young," "adult." ud 
"old," with the mrnilllllfl indicated above. 

For some unknown reason we do usually find the leucocytes 
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only at these four isolated stages of growth (the frequent 
presence of transitional stages between "small" and "large" 
lymphocytes has been mentioned as an exception). Apparently 
they must pass comparatively rapidly through certain stages 
and remain longer in others, or it may be that they retire out of 
the peripheral blood at certain periods of the growth. 

It is certainly curious how rarely we find a lymphocyte just 
beginning to accumulate neutrophilic granules. They seem to 
jump from non-granular to profusely granular, and we rarely see 
any of the intermediate stages. 

Still rarer is it to find any link between neutrophilic and 
eosinophilic cells. A few instances have been reported (in 
pathological blood) where both kinds of granules were present 
in a cell, or granules of an intermediate description. But this 
has been denied by excellent observers and must certainly be 
very rare. 

Normal Percentage of Each Variety. 

In the blood of healthy adults the proportions of the different 
varieties above described are the following : 

v j small lymphocytes, .... 20-80 per cent. 

Young ( large a .... 4- 8 * 

Adult (polymorphonuclear neutrophils) , 62-70 " 

Old (eosinophiles), $- 4 " 

-Mast cells," *- * 

In infancy the percentage of young cells is much larger (forty 
to sixty per cent) and the adult cells (polymorphonuclear) are 
only eighteen to forty per cent. 

In a variety of debilitated conditions not usually thought of 
as definite diseases, the number of young cells is comparatively 
large and that of the adult cells small. The general vigor and 
health of the individual can sometimes be estimated simply from 
the forwardness or backwardness of their blood development 
as mirrored in the leucocytes. Persons calling themselves well, 
but never vigorous or active, may show no more than fifty per 
cent of adult cells, the young cells running up to forty or even 
fifty per cent. 

Not all cases of debility show this change, and we are not 
yet in a position to say under just what conditions it occurs. 
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Presumably the conditions are such as decrease the nutritive 
value of the plasma. 

The same change in frankly pathological conditions will be 
discussed later (page 08). 

So far I have sj>oken only of those changes in the percen- 
tages of different leucocytes which are m be explained by a 
more or less rapid metabolism of the cells themselves in the 
blood, as if they were always sent into the blood as young lym- 
l>li ■< kaa and Uwd and died there. 

But the eosinophils often change their number in a way 
hard to explain on this hypothesis. We know that eosino- 
phils jot pri'st'iit in large uiuul-eis iii various parts of 
the body outside the blood-vessels (bone marrow, thymus 
gland), and in many tcjb tln> seem to live their life in 
comparative indejiendence of the other members of the leu- 
cocyte group. 

In the free interchange of fluid and cells that is constantly 
going on between blood-vessels and lymphatic tissues aud spaces, 
it is evident that a part of the life history of the leucocytes goes 
on outside the vessels, and there is reason to suppose that it is 
largely or partly outside the vessels that cells of a given age 
divide aud produce others like themselves, while in the blood- 
\vssels t In- > simply grow up without such division. At any 
rate, we rarely rind evidence of mitosis or amitosis in the circu- 
lating leucocytes, while in the lymph glands and the marrow, and 
sometimes elsewhere, such dividing forms are more common. 

Tin- boM marrow seems to be such a dividing-place for 
eosinophils. They are always numerous there and mitoses are 
often seen in them. Indeed their number is so small in normal 
i-irrul;iliiiK Hood tlialllie.v might almost lie said to l»e there " by 
mistake," belonging normally elsewhere. Whither or not this 
has any connection with their very active am eel toid properties, 
1 fond know. The " mast cells" are even more "an accident" 
in t|i,. Uood, and Ehrlieh denies that they are a constituent al 
normal blood. 

An ituri'.ise of eosinophils cells iii the i>eripheral blood 
does not seem to mean simply a change in the rapidity of meta- 
bolism, but to point sometimes to a disturbance having relation 
to the places or functions which produce them. The eosino- 
phile, therefore, more than any other cell normally present in 
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blood, has value in diagnosis by pointing to the location of a 
disease (see below, page 100). 

Their increase and decrease in the circulating blood does not 
follow that of the other ripe cells (neutrophiles), in fact is often 
inversely proportional to it, and they are often markedly in- 
creased in a blood otherwise normal, sometimes for reasons 
wholly unknown to us. 

An increase in the lymphocytes or neutrophiles does not 
occur without other blood changes, and points, not to disease of 
one place or function, but to general conditions like inflamma- 
tion or malnutrition. 

I have spoken of the eosinophils and " mast cells" as com- 
parative strangers, though not intruders in the circulating blood. 
They are thus intermediate between the regular inhabitants 
(lymphocytes and neutrophiles) and the variety next to be men- 
tioned, which are real intruders— i.e., never found in normal 
blood. These are the 

Myelocytes (Ehrlich). 

The normal abiding-place of these cells appears to be the 
bone marrow, hence their name of myelocytes or marrow cells. 
They are perhaps the most numerous leucocyte to be found in 
the marrow, although lymphocytes and polymorphonuclear cells 
are also to be found there, and eosinophiles are numerous. 

I describe them here because they are peculiar to no one 
disease and are occasional visitors of the blood in conditions on 
the borderland between the pathological and the physiological 
(starvation- various intoxications). 

The myelocyte (see Plate I.), like the polymorphonuclear 
neutrophile, is recognizable only by Ehrlich's staining methods. 
With the Ehrlich-Biondi stain it appears as a spherical cell 
nearly filled by a large, pale-stained nucleus immersed in neutro- 
philic granules. You see at once how little it differs from the 
large lymphocytes (simply in having granules) and from the 
polymorphonuclear neutrophile (only in the shape of its nucleus). 
Were it present in normal blood we should undoubtedly consider 
it an intermediate stage between the large lymphocyte and the 
polymorphonuclear neutrophile. I see no sufficient reason for 
thinking otherwise merely because it does not appear in normal 
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blood. The leucocytes are so cosmopolitan in their habits that 
we can hardly call them blood cells at all. It is better to think 
of "blood leucocytes," "gland leucocytes," and "marrow leu- 
cocytes" (perhaps " skin and mucous membrane leucocytes" too, 
see below, page 101) and to consider that "missing links" amoug 
blond leucocytes are to be looked fur among those that live aud 
grow up elsewhere. Presumably the conditions in the marrow 

(nutrition?) are such as briug out sides of the taoBoayto Baton 
mppnaBed in the blood. 

The granules of the myelocyte are precisely tilOM at Um 
adult blood leucocyte and need uo second description (mm 
Plate I.). The nucleus, by which alone we distinguish it from 
the adult blood leucocyte, shows none of the twists and turns 
characteristic of the latter. Presumably this is due to tin* f.ict 
that the myelocyte is not amcebnid and so does not mutilate its 
nucleus in the trying process of crawling tiuDOgb UuilM and 
vessel walls. 

1. The myelocyte nucleus, then, is usually spherical or egg- 
shaped, and is in close contact with the cell wall for a compara- 
tively large portion of its extent — I.e., if egg-shaped it is placed 
eccentrically. 

2. The absence of atnoabuid motion and of journeys through 

tissues It-jives til" nilrli'iis -'Willy ,ui-l luridirruteh stuiliaUe 

throughout, while the amceboid blo<xl leucocyte, through the 
w-'-ir ionl i.iir of its migrations, gets its chromatin irregularly 
distributed, condensed hero, pulled out thin there, aud hence 
stains Litn'M-nly at in mottled. 

N<<t infrequently the nucleus shows signs of old age 
Ivai-iitil-s) mi- (if mitosis, and occasionally we find two nuclei at 
the jh>1cs of the cell. It is then to be distinguished from the 
adult blood ISDOOOyta (polymorphonuclear ueutropbile) by the 
fact "f its having the nucleus in filoM OOntsol with the surface Of 
the whole cell tot • '■■uiipamlive-ly large portion of its extent, 
while in the adult blood leucocyte the nucleus abruptly haves 
En if it chances to approach it. The poly- 
unclear myelocyte is also to be distinguished from the poly- 
morphonuclear neutrophils by the even staining of the nucleus 
in the former. 
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Size of Myelocytes. 

Every account of the myelocyte which has come to my notice 
speaks of them as very large cells, the largest variety of leu- 
cocytes ever seen in the blood. 

This is true of many of them ; diameters of 18-21 fi are not 
uncommon, but we also find them of every other size down to 
10-11 p diameter, that is, down to the size of a lymphocyte. 
This is true both of the myelocytes in the circulating (leukemic) 
blood and of those in the marrow. No distinction from other 
varieties of leucocyte can be based on size alone, unless we say 
their average size is greater than the average size of the leu- 
cocyte. Perhaps the following table may be of interest : 

Average diameter of 100 myelocytes = 15. 75 n. 

u « a 100 polymorphonuclear neutrophiles = 18. 50 p. 

« u « kx)" i ar g©" lymphocytes = 13 u. 

44 u u iQQ eoeinophilea = 12 a. 

a " 100 - small" lymphocytes = 10 p. 

u u u ioo red corpuscles (normal) =7.5^ 

Eosinophilic Myelocytes. 

Under the same conditions where we expect to find the or- 
dinary (neutrophilic) myelocyte, we often find a small number 
of cells identical with them in all respects, except in possessing 
eosinophilic in place of neutrophilic granules. Such cells are 
found in abundance in the marrow, and this fact together with 
the resemblance to the ordinary myelocyte both in morphology 
and in the conditions of their occurrence, seems to me to justify 
the term eosinophilic myelocyte. 

Cornil's "Mark Cells." 

By most observers these are supposed to be the same as 
Ehrlich's "mark cells" or myelocytes. Cornil worked before 
the days of Ehrlich's staining methods and therefore before the 
presence of neutrophilic granules could be used to distinguish a 
myelocyte from a large lymphocyte. Cornil's description of 
them would answer for either. Schreiber considers Cornil to 
have discovered a different variety of non-granular cell, but the 



58 CLINICAL BLOOD EXAMINATION. 

description of it given by Schreiber seems to me to leave it in- 
distinguishable from a large lymphocyte. 

Mononuclear Neutrophiles. — Cappe 1 observed in general paralysis of 
the insane a variety of leucocyte possessing a deep-staining centrally 
placed nucleus like that of a lymphocyte, but containing also neutrophilic 
granules. He considers it either a variation from the ordinary type of 
marrow-bred cell visiting the blood temporarily, or more likely an ordi- 
nary lymphocyte in which the granules have developed before the nucleus 
has become polymorphous. Thayer has observed similar cells, but has 
given no explanation of them. Klein* mentions them under the name 
above given and figures them in his plate, but does not comment on them. 

So far I have described the type cell of each variety. As we 
should ex]>ect, atypical forms are numerous. Some of the com- 
moner ones are as follows : 

1. Young cells whose nucleus is pale blue instead of dark 
blue. 

2. Cells more developed but still non-granular, whose proto- 
plasm has evidently forsaken them. 

3. Cells on the borderland l>etween the u marrow cell" and 
the u adult blood leucocyte," the nucleus having some of the 
characters of each varietv. 

4. Cells the nature of whose granules we cannot settle (eosi- 
nophilic or neutrophilic). 

Other rare varieties will be mentioned under leuksoniia. 

1 American Journal of Medical Sciences, June, 1806. 

" Volkmann'sHammlung klin. Vortr&ge, December, 1893. 
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CHAPTER VI. 

UNEQUAL DISTRIBUTION OF BLOOD— PLETHORA— DILUTION 

AND CONCENTRATION OF THE BLOOD. 

I. Unequal Distribution. 

How far is the single drop used for blood examination typi- 
cal of the whole? 

It has been experimentally proved that specimens of the 
blood of the smaller venous and arterial twigs do not differ 
from each other materially in corpuscular richness. Capillary 
blood is slightly richer in corpuscles than that either of veins 
or of arteries. But as capillary blood is everywhere of the 
same corpuscular richness, we may consider one capillary net- 
work or set of venules as typical as another, provided our tech- 
nique is good, that is, provided lymph is not squeezed into the 
drop by strong pressure. It is indifferent, therefore, so far as 
accuracy is concerned, whether the drop of blood be obtained 
from one or another part of the body. All standard estimates 
of the number of corpuscles per cubic millimetre of normal 
blood refer to capillary blood. 

2. Apparent Polycythemia. 

So far we are speaking of normal conditions. It is a famil- 
iar fact, however, that the vessels of a given part of the body 
can be overcrowded with blood, e.g., by the use of an Esmarch 
bandage. A drop taken from such a part would certainly not 
be typical. Now as the same effect can be produced by a 
variety of diseases, under these conditions we must modify 
considerably any inferences made from examination of a single 
drop. 
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Suili nmditions, entailing a false |H>lyc,vtbremia or apparent 
increase iu the number of corpuscles are. 

I. Any disease involving either («) general cyanosis or ib) 
cyanosis of the part from which the drop rf blond is drawn. 

(st) (i<'iir,-ii! eyanoau results either from cardiac insufficiency 
(valvular or parietal disease of the heart itself, blocking of the 
lung circulation by emphysema or thrombosis), from insufficient 
jftmtioa of the blood (pneumonia, oongenital malformation of 
the heart), interference with the heart's actiou by pressure of 
tamon, effusions (paiiotrdilil, pleural, iieritoneal), or enlarged 
organs (liver, spleen), or from vasomotor disturbances. It is 
evident that sonie of these conditions [-■.;/.. OODgMUta] hMli 
disease) may not involve any peripheral itattl ut all, and in the 
absence of this it is uot easy to account for the increased numl>er 
of corpuscles iu thu drop. Some observers have supposed that 
there is a real overproduction of blood evils under these condi- 
tions; others suppose that the life of the individual corpuscle 
U'iug lengthened, reproduction of cells at the normal rate soon 
leads to the "glut." There seems to be no reason to suppose 
that there is in these cases any unequal distribution of cells in 
favor of the periphery, such as is obviously the condition iu 
ordinary cyanosis with stasis. Whatever the explanation may 
be, there is no doubt of the fact that general cyanosis from any 
cause whatever produces an increase of cells in a drop such aa 
we usually examine. 

The cases of cyanosis which I have classed under * vaso- 
motor" (for want of a better explanation), cases in which, in the 
alwuueu of disease in any organ, the skin and mucous mem- 
branes are persistently and markedly bluish, are not very 
BtkOOBIDIHL I have seen three such, all in stout, elderly 
women. In one the cells iu a drop of blood from the ear, 
linger, or toe were more than double the normal number (see 
below, page (17). 

(/i) Local ('ijHiiimx. — The pressure of a tumor, or any other 
hindrance t< i the circulation of any part, may give a similar in- 
BPBiM hi QM unrulier of corpuscles in a measured amount of 
blood from that part. Here again vasomotor conditions may 
cause cyanosis mid ippattni polycv tbiemia. 

In markedly eyesotie patiepa the count of red cells is notably 
ubovo normal, we should naturally guess the reason, and make 
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allowances. Error is more likely to arise wjiere we have cyanosis 
in a person whose blood is poor in red corpuscles. The combi- 
nation of these two factors may give us a normal blood count and 
lead us to overlook the anaemia. Thus a person might have 
really a severe anaemia and yet the count of red cells be actually 
above the normal. This element of stasis should never be lost 
sight of. Many high counts reported in pneumonia or hysteria 
are to be explained by abnormalities not of production or destruc- 
tion but of distribution of the blood cells. 

II. Certain patients, whose circulations are feeble without 
being feeble enough to produce actual cyanosis, first give us 
evidence of the fact by an increase in the count of blood corpus- 
cles in a given amount of peripheral blood. Following up the 
hint thus given, one may sometimes be brought to note and in- 
vestigate an element in the case which might otherwise have 
been lost sight of. 

With these exceptions the drop of blood taken at the periph- 
ery is typical. We have next to consider some general condi- 
tions under which a person's whole blood may be inferred to be 
abnormal from the findings in a drop taken from the periphery. 
Consideration of special diseases w r ill follow later. 

Full-Bloodedness (Plethora) and its Opposite. 

There is no direct evidence for the existence of any long- 
standing over-filling or under-filling of the blood-vessels ; there 
is a good deal of experimental evidence to show that if by arti- 
ficial means we succeed in forcing into the vessels an abnormal 
amount of fluid (transfusion of blood or normal salt solution — 
large draughts of water), it does not stay there many hours, but 
comes out by the kidneys. 

The red-faced persons popularly known as "full-blooded" 
show no abnormalities in their blood discoverable by any means 
of investigation known to us. The condition is probably de- 
pendent on the presence of a rich capillary network near the 
surface of the skin, or a dilatation of individual venules and 
arterioles at the periphery. Such a person may be markedly 
anaemic without any considerable changes in the color of the 
face. The fact that people of such complexion often end their 
lives with a ruptured cerebral artery is due presumably to tfc 
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circumstance that "high living" produces in the same individual 
dilated peripheral capillaries and weakened arterial walls. 

Temporary increase or diminution in tlnuniouutof fluid with- 
in the vessels can be brought about not only by a change in the 
mechanical conditions of pressure and osmosis, but by any influ- 
ence affecting the tone of the peripheral vessels, Wfl ha\e tli. u : 

(a) Tt'iiijHH'irit mr out phtiun or tffluikm of Ac Hood Eron 
transfusion of fluid in large amounts or it* Ingestion by mouth 
or rectum. 

(fc) From decreased blood pressure, as in acute failures of 
compensation iu cardiac disease. 

(<■) From vasomntor diliit.iii.H. 

As an example of this last Grawitz reduced the specific grav- 
ity of the blood from 10-11 to 1038.7 within eight minutes by 
the inhalation of nitrite of amyl. This decrease of specific grav- 
ity can only menu an increased amount of watery constituents in 
the blood, as there was no evidence of any destruction of the 
heavier elements of the blood, and only water ijmd chlorides! 
|mss through the vessel walls easily. In the above case the 
■peoiAc gtavity was again at 1041 within a few minutes. 

(•I) In cases of severe amemia which recover, the blood regen- 
eration may attain such vigor that the number of red cells shoots 
it|i o&MM normal, even as high as 7,700,00(1. This i* ttmporanf 
rcUular filt tlt'ii" or polyeythremia. 

(i) The same condition can Vie temporarily produced by 
transfusion of actual blood from one individual to another. It 
lasts but a few da\ h as a rule. 

The polycythemia of the new-born will be discussed later. 

Concentration of the- Mood, 
It is obvious that influences opposite to those producing 
temporary full-bloodedness will produce- temporary lack of fluid 
within the vessels. So acute diarrhoea, purgation, deprivation 
of liquids (as in starvation), rapidly accumulated serous effu- 
sions, profuse vomiting or sweating (by skin and lungs) produce 
;i ttin]>"i-M \ nmosnfraCMffl • </ tin- Wood by draining out its diffus- 
ible i-lfim-ut* (wMWotutflj i. All these influences are transitory. 
More permanent drains on the system, like chronic diarrlnea, 
disbetu insipidus or mellitus, or long-standing suppurations, 
tions of blood volume that we Mil measure the amount lost by 
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show no evidence of lessening the volume of blood in the vessels. 
They drain albumin out of the serum and corpuscles and so 
decrease the weight of the blood (see below, page 71) , but the 
blood volume is not changed. Indeed, any influence has to work 
very quickly in order to concentrate the blood, for in an aston- 
ishingly short time the other tissues repay the vessels their loss 
of fluid and the normal blood volume is restored. 

The same temporary effects can be produced by influences con- 
stricting the vessels (cold, pain, suprarenal extract), and a concen- 
tration of the blood results which lasts a few minutes or hours. ' 

In all these interchanges of contents between the blood- 
vessels and the other tissues it is, as above said, the watery ele- 
ments chiefly that change. The red cells are not affected by the 
give-and-take of the vessels and tissues, and although cold pro- 
duces in the peripheral circulation an increase in the number of 
white cells greater than can be accounted for by simple concen- 
tration, the weight of evidence seems to be against any new pro- 
duction of cells and in favor of a change only in distribution, 
the white cells accumulating at the periphery. 

Now as the number of cells is not affected by these tempo- 
rary variations in the volume of liquid within the vessels, it fol- 
lows that the number to be counted in a cubic millimetre, though 
typical of the whole blood at that time, is not to be reckoned from 
in the ordinary way. For example, after a severe diarrhoea or in 
phthisis after a night-sweat the blood may be temporarily so 
concentrated that we find 6,000,000 or more red corpuscles per 
cubic millimetre. Under normal conditions of the blood mass 
we should infer from such a count that the body contained one- 
sixth more red corpuscles than usual. Here obviously it only 
means (if anaemia is absent) that the blood mass is reduced by 
one-sixth by concentration. It is only in such sudden reduc- 

1 Oliver has shown recently (Lancet, June 27th, 1806) that any influence 
causing rise of blood pressure will slightly concentrate the blood. Thus 
raising the arm over the head and holding it there by muscular effort 
slightly concentrates the blood in that arm. Electrical stimulation or 
massage of the arm has the same effect. Lowering blood pressure, as 
when the arm is supported passively over the head, dilutes the blood. This 
confirms the results of Mitchell (Med. News, May, 1898) and of Cheron 
(Comptes Rend, de l'Acad. d. Sciences, 1896, No. vi.). Oliver uses a 
new method for estimating the number of red cells, the accuracy of which 
has not yet been tested by others. 

5 
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"I. Long-standing causes of drain on the plasma 
might at any time act as destroyers of red corpuscles as well, 
through the changes in the nutritive fluids iu which they live. 

Further, it is only where we know the uuml*-r of corpuscles 
just before the sudden drain on the plasma conies, that we can 
measure the amount of plasma lost by the amount of OfpOMHt 
increase in the red cells. Stasis and any other cause that heaps 
Up corpuscles lit the periphery must also be excluded before we 
can judge of the loss of plasma in this way. 

The conditions of an abnormal concentration of the blood are 
those already alluded to as tem[>orarily sucking away its watery 
constituents, namely : 

(a) Watery diarrhoea, especially in cholera and other acute 
diseases accompanied bv diarrhoa; 

(b) Large and rapidly accumulating serous effusions (slow 
accumulations would give time for the blood to take up water 
from the tissues and make up for its loss) ; 

('■j Profuse sweats ; 

>.■') Persistent vomiting or starvation of liquids; 

if) Increased blood pressure (exercise, massage, electricity ). 

Blood already lacking iu red cells, if suddenly concentrated 
by such a loss of fluid, might deceive us into supposing it 
normal, because the numlter of cells in a cubic millimetre might 
tte normal. /» the presence, there/ore, of any stick reason for 
■'■•a of the blow I, we nhoidd always modify our ordi- 
nary methods of inference from tlte blood count. For example, 
v. Limbeck records a case of hepatic cirrhosis with ascites, 
where lieinre tapping the ascites the count of red cells was 
3,2W,000 pal cubic millinn-he. Within twenty-four hours after 
tipping there were 6,190,000 cells pet cubic millimetre, the 
nvtccumulation of the ascitic fluid going on bo fast that the 
Hood was unable to adjust itself and lienmie ovorconeMtRlML 
A careless oh§Ji.l*Uua might have inferred a great gain in tli>> 
corpuscular richness of the whole blood, vim in fact not a cor- 
puscle has l>e«ii gained and those present have probably grown 
poorer in albumin. 

DUetitm v$ th>: Bbod. 

Causes of temporary dUutim of the blood are Ibss common 
than those of temporary concentration. 
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Immediately after the inhalation of nitrite of amyl or the in- 
gestion of a large amount of fluid by mouth or rectum, the blood 
would be diluted bo that a blood count would show a diminu- 
tion in the number of cells per cubic millimetre, which yet 
would be due to no changes in the number of red cells in the 
body, and might be wrongly taken for an anaemia. The dilu- 
tion in cases of heart disease will be discussed later (see p. 256). 
Any condition involving lowered blood pressure has the effect of 
diluting the blood by allowing the entrance of perivascular 
lymph. 

Summing up the discussion so far : There is no evidence for 
a chronic plethora nor for a chronic diminution in the volume of 
the blood. Where such takes place temporarily, it is by the ad- 
dition or subtraction of water and salts only, and not of the cor- 
puscles or organic materials, so that we must guard against false 
inferences from the resulting apparent increase or decrease of 
corpuscles per cubic millimetre. 

But although there is no positive evidence of a true increase 
in the whole amount of blood in the vessels (except temporarily) , 
there are some conditions which lead to an increased richness of 
the peripheral blood in red corpuscles even after excluding the 
influence of stasis or loss of fluid. Such a condition of what 
appears to be true polycy thaemia is found : 

1. In persons living at high altitudes; 

2. In persons suffering from phosphorus or CO poisoning. 

1. The Blood in High Altitudes. 

The polycy thaemia of those living at high altitudes increases 
the higher one goes. Koppe ' gives the following tables : 



Place. 

Christiania 

G&tingen 

TUbingen 

Zurich 

Auerbach 

ReiboldagrOn 

Arosa 

The Cordilleras.. 



Height above 
sea level. 


Red cells. 


Author. 


O 


4,974,000 


Laache. 


148 metres 


5,225,000 


Schafer. 


814 tt 


5, 322, 000 


Re inert 


414 u 


5, 752, 000 


Stierlin. 


425 " 


5,748,000 


Koppe. 


700 M 


5,900,000 


u 


1,800 " 


7,000,000 


Eeger. 


4,392 " 


8,000,000 


Viault. 



1 Munch, med. Woch., 1890, No. 41. 
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This e\ir;iordiuary change takes place within two weeks of 
the time of 1.1 1, i ug up residence iu a high place, and independent 
of any change in diet or wanner of living. The sick and the 
well are equally affected awl animals show similar changes. 
The bieiuoglobin is also considerably increased, although it lags 
somewhat lieliiuJ the corpuscles. 

Kiippe states that the individual corpuscles under these con- 
ditions are so much smaller that their volume in a given 
amount of blond (as determined by the hematocrit) is not in- 
creased at all. 

On returning to low land, the blood returns within a short 
time to its normal condition. 

Many explanations have been offered for this interesting 
phenomenon. If it were a true new production of i> mmmilm wb 
should expect some signs of blood destruction (icterus, usomo- 
glnUinin.i) mi returning tothe sea level. But there are no such 
signs. On the other hand, if the polycythemia were a simple 
result nf concentration due to the dryness of the high air, one 
would expect that the blood would quickly adapt itself, as in 
other (teini>orary) concentrations, by taking np water from the 
tissues. But in fact it does not do so. Possibly it may be ex- 
plained, as Fick suggests, fay a lengthening of the life of individ- 
ual cells. 

2. rhwphont* and CO AAottp 

The poly cv threw in of acute phosphorus poisoning may 
reach as high as H,o750,(X)0. This may Vie partly explained by 
coiieenh:Liioii due to the occurrence of vomiting, but in MM 
cases the increase seems out of proportion to the amount of 
Vomiting. 

With illuminating-gas poisoning there is usually no vomiting 
to sjieak of, and the cause of the marked increase in the red 
cells is unknown. Von Limhec-k in two cases showed respec- 
tively i;,r.:Ml,lKMI :tl „l .-,,7(H>,nO0 red cells. Munzer and Palma' 
record 5,700,000. The white cells are also increased (see below, 
page 94). 

ftariMfo <>/ « (nu PMfora. 

Although there is no ilirrct evidence that the whole blood 
i*s in its relation to the weight of the body ever varies more 
'Zeit. (. Heine., vol. 18, p. 1. 
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than temporarily from the traditional 1 to 13, one can hardly 
help getting the impression from certain patients that their 
blood mass is diminished, though we cannot prove it. Thus in 
certain cases of phthisis in which in spite of all the signs and 
symptoms of anaemia the blood count is normal, and simple con- 
centration of a really anaemic blood seems to be excluded by 
the absence of a cause for such concentration, we cannot help 
thinking that the whole amount of blood is too small. Again, 
it is possible that in individuals who eat and drink much and 
exercise little the blood-vessels may gradually accommodate 
themselves so as to hold a large bulk of liquid, and thus a true 
plethora or u full-blooded" condition might be brought about. 
Experiments show, however, that fat, "sedentary" animals 
(pigs) have less blood in proportion to their weight than lean, 
active animals (horses, dogs). Pigs' blood is only one twenty- 
second of their total weight, while horses' is one-tenth. 

Young, fast-growing animals have relatively more blood than 
adults, and males more than females. Our impression that old 
people are more or less u dried up" gets some support from the 
analogy of these animal experiments. 

Until some method is devised for estimating the total amount 
of blood during life, we shall never be sure upon this point. 




In the absence of any proof that the total volume of Mood 
can be more than temporarily diminished, our definition of 
n uremia must Vie this: A t/ifjiru-iny i„ <<>r/iuscle substance-, i.e., 
a detiVieney in red corpuscles, in hiemoglobin, or in both. 

It is important to bear in mind that the color of the skin is 
not a safe guide in Judging whether a person is anscmic. Thus 
out of 100 cases shown to be antcmic by actual blood examina- 
tion, Townsend' found a good color in the cheeks of 4 and a 
fair color in 7 others. Eighty-nine were pale. The color of 
the lips is but little better as a guide, as the following table 
from Townsend's article shows: 



Tub 


le of Color i 


i 0™ Ilmiilred Cases of Atwpmia. 




Pile. 


Fulr. 


Good. 




w 

811 
84 
78 
B4 


5 
7 
15 

21 
25.8 




Cheeks 


4 






Conjunctiva 















My own impression would be that the lips and conjunctiva 
were better guides than they are slmwu to Ije in this table. 

In examining the color of the nails, the fingers should lie 
flexed, as full extension may partly cut off the circulation under 

till 1 UUll-i. 

A. K. Stone* and his assistants estimated the hjemoglobin 
of 189 female patients who looked UUNSie, find found over 75 
per cent of ha?moglobin in Sit, or nearly one-half of them. For 

' Townsend : Boston Medical and Surwicul Journnl, May 28th, 18V6. 
* Boston Medical and Surgical Journal. August 23d, 1894. 
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a woman a haemoglobin percentage of 75 per cent or more 
means practically normal blood. 1 

The most striking example of the fallacy of judging of 
anaemia by the color of the skin and mucous membranes is in 
the so-called u tropical ancemia." Practically all persons belong- 
ing to white races who take up their residence in the tropics 
acquire after a time an extreme pallor of the skin and mucous 
membranes, and this appearance has usually received the title of 
"tropical anaemia." It turns out, however, from the careful 
studies of several different investigators, that the blood of such 
persons shows absolutely no anaemia or other variation from 
the normal. The appearance of the skin is probably due to the 
action of the extreme climate on the peripheral nerves and 
vessels. Tropical anaemia is a condition not of the blood, but 
of the skin and subcutaneous tissues. 

Every one's experience includes a few persons who are per- 
fectly well despite an almost bloodless condition of the skin. 

On the other hand, anaemia may exist where there is a good 
color in the face (see above, page 63). 

We are to judge of anaemia, then, solely by the blood exam- 
ination, and this judgment can be accurately made on the basis 
of the small fraction of a drop used for examination, provided 
always that our technique is good, and provided we make allow- 
ances for a considerable error wherever there is reason to sup- 
pose that any venous and capillary stasis is present, or that the 
blood is temporarily concentrated or diluted (see above, page 
69). 

Distinction between Primary and Secondary Ancemia. 

In one sense all anaemia is secondarv. It is due to some 
cause, a symptom in a chain of events. But in some cases we 
know the cause and in some we do not. 

(a) Primary ancemia is that in tohich the causal factors are 
either entirely unknown or are insufficient to cause so severe a 
disease. This division, like most of our statements about the 
blood, is a rough-and-ready one, held to j^rovisionally until a 
better classification is discovered. It has a certain utility if not 
used with any less simple meaning than that given above. 

1 Where the haemoglobin is high the number of corpuscles is never 
considerably diminished. 
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Li view of our iguorauceof the blood-making functions, then 
is litlle difference between saying tliut a primary anemia is a 
disease of the blood-innkiug organs and saving that it is one 
whose cause is unknown, esj>eeially as the pathological appear* 1 
anees in the bone marrow recorded in cases of So-called primary 
MUBmudo not differ from those which can bo brought about 
ex [jori mentally by hleMiug. There is no evidence that there 
are any primary diseases of the blood-making functions. A 
case of secondary aniimia is one in which we have au obvious 
cause such as hemorrhage or malaria for the loss of corpuscle 
milmtllii » Remove the cause ami the an rem in ceases. Some- 
times, however, after removal of the cause, e.t/., after cure of a 
case i>f n\ philis, ilii- jinremia set iigning by the s\ philis persists. 
Here we have to say that the aniemia has changed from " secon- 
dary" to " ]irinuiry," possibly through si.nie alterations pro- 
duced in the blood-making functions which disable them from 
making up the loot blood, even though the drain upon it is no 
longer going on. On the other hand, there are few cases of 
■ primary" amentia who cannot recall some event in their past 
lives sufficient to account for a CWfoM grodt of tmaaHia {e.g., a 
nervous shock, a hemorrhage, an attack of tertian malaria). 
Yet if the anreniia that occurs after so slight a cause is of the 
pernicious or fatal type, wo may fairly call it "primary." By 
tins we meiiu 1 1 c ; l t though the " ejtnse" assigned tuiglit produce 
xt'im- auii'iuia, it was not sufficient to produc fliis fatal amemia 
am) has presumably little or no connection with it. "Primary" 
means not the absence of .00/ cause of auiemia in the history, 
but the absence of any miffirii-nf cause so far as is known. 

An attack of tertian malaria or a history of bleeding piles does 
not cause fata! auiemia in it! ft) out of 1,000 people who have such 
a history. In the llHKHh it is n case of poti kootfbd not propttT 
li'i: Given the unkuowu cause that don lead to * primary" an- 
lemia, eod il might be that a pregnancy or the presence of in- 
testinal parasites wouhl act as the straw that breaks the camel's 
back; but tU<- faporCofU caumd factor fa tkt wUneum /Mat. 
It is, then, In their etiology and not hv (heir symptoms or by 
the 1)]i h h.1 main hill Iliti alone that we distinguish ]>rimary from 
wcoudary auiemia. 

It is true that in the majority of cases we can tell from the 
blood examination aloue w ■hether B case i-t without known cause 
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(= "primary") or symptomatic (= "secondary"). But there 
appear to be enough exceptions to this rule to make us cautious 
about stating it as a law. 

/ pi i f To be discussed under 

w Secondary. [ VII. 

Secondary Ancemia. 

I. First Stage. — I defined anaemia above as a diminution in 
corpuscle substance. In the milder types of this condition the 
number of red corpuscles is not diminished at all, but the indi- 
vidual cell is small, pale, and of light weight, through loss of 
nitrogenous matter. This is appreciated : 

(a) As a lack of coloring matter; 

(b) As a lowering of the specific gravity. 

In the mildest grades of secondary anaemia there are no 
further changes. Such cases are those due to errors in hygiene 
— bad air, poor food, lack of light or exercise — to small hem- 
orrhages, and to the earlier stages of the diseases next to be 
mentioned. 

The lack of coloring matter is usually not present in every 
cell, as is seen in the stained specimens. Some are very pale at 
the centre, while others are well stained. 

II. Second Stage. — Usually the next changes to appear are, 
like those already mentioned, qualitative, the number of red cells 
still remaining normal or approximately so. 

The individual cell as seen in fresh preparations is more or 
less deformed and varies from its normal diameter, dwarfed 
forms usually being commoner than the giant forms. These 
variations in size and shape are sometimes termed "poikilocy- 
tosis," and the dwarf and giant forms are called respectively 
microcytes and macrocytes. 

Maragliano ' has included the above changes, together with 
others about to be described, under the heading of 

Necrobiosis in the red corpuscles, attributing them to a patho- 
logical condition of the serum. 

The changes united under this heading may be divided for 
convenience' sake into: 

(a) Endoglobular changes. 

1 XI. Cong, f . Inn. Med. , Leipzig, 1892. 
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(b) Poikylocytosis and crenation. 

(c) Changes in staining properties. 

(d) Changes involving motility in the corpuscle as a whole, 
or in parts of it. 

(e) Decrease in the average diameter of corpuscles with loss 
of the power to form rouleaux. 

All these changes may be watched in normal blood outside 
the vessels, as necrosis gradually comes on from contact with the 
air. Under pathological conditions the same changes may 

occur outside the body, but 
more quickly than usual 
(as other diseased tissues 
decompose more quickly 
after death than those of 
a sound man suddenly 
killed), or inside the body. 
£^ a ' Jj5&* jAAxb (a) Endoglobular Changes 

%dT £>b ISP Jg^ (see Fig. 18, a).— These 

consist in the appearance 
of clear hyaline spaces of 
various shapes within the 
corpuscle, round, triangu- 
lar, rod-shaped, etc. In 
the fresh specimen they 
change their shape rapidly and continually; in dried and 
stained specimens they appear as sharply outlined light spaces 
in the corpuscle. In normal blood these changes occur after 
thirty to seventy minutes outside the vessels. In some patho- 
logical conditions specimens show them the instant the blood 
is collected, and presumably they were present before it left the 
vessels. 

(6) Crenation and Poildlocytosis (Fig. 18, b). — What we 
ordinarily know as crenation in the corpuscles is the same sort 
of process which, occuring within the vessels, we call po^kilocy- 
tosis. A lump rises at one or more points in the corpuscle, 
becomes more pointed, and gradually the whole cell acquires 
amoeboid motions, assuming in succession the various shapes 
with which we are familiar in poikylocytes. 

(c) The pointed projections may break off and move about 
actively in the plasma. These motions, as well as the preceding 




Fig. 18. —Degenerative Changes in Bed Cells. 
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amoeboid movement of the whole corpuscle, are to be explained 
as irregular contractions of the necrobiotic protoplasm, similar 
in a general way to the actions of a hen after its head is cut off. 
These motions are not to be confounded with the finer Brownian 
or u molecular" movement to be seen in any healthy cell. The 
small bits broken off (Fig. 18, c) are doubtless the dwarf cells 
seen in dried and stained preparations. Curiously enough, 
these fragments tend again to assume the biconcavity character- 
istic of normal cells, as a drop of fat breaks into smaller but 
similar drops. 

(d) Changes in Staining Properties. — Normal red corpuscles 
have affinity only for acid stains (eosin). The same degenera- 
tive changes that lead to the alterations in shape and size above 
described alter the staining properties of the cell as well, so 
that it takes up two or three colors (according to the number 
present in the stain), either as a diffuse mixture or irregularly, 
some parts of the cell taking color differently from others. This 
has been termed a " polychromatophilic" or degenerative change. 
Some observers have supposed it to be rather of the nature of 
regeneration, believing that the cells take color in this unortho- 
dox way because they are half-developed, but the weight of evi- 
dence is that they are degenerative changes. 

(e) In many secondary anaBinias, especially in those asso- 
ciated with inflammations, the average diameter of the cells is 
lessened, and the rouleaux are not formed. 1 

(/) Cells may lose their hemoglobin altogether, leaving 
only the shell of the corpuscle behind (see Fig. 18, d). 

Now all these necrobiotic changes are characteristic of the 
severer grades of secondary anaemia such as occur in cancerous 
cachexia, phthisis, nephritis, etc. 

The changes of staining affinity are less common than the 
others, and usually represent the severest grades of anaemia, but 
they have also been noted occasionally in smallpox, measles, 
scarlet fever, typhus, and purpura. 

In pernicious anaemia thej- are, as a rule, much more common 
than in any other disease. Maragliano considers these degener- 
ative changes to be due to toxic plasma. A lessened resistance 
to the ordinary plasma-environment on the part of the red cells 

1 But in the severest forms of anaemia the diameters are apt to be in- 
creased (see below, Pernicious Anaemia). 
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would also explain them, and iu such affections as paroxysmal 
hicmoglobiuuria it seems the most probable cause. In syphilis 
the abnormal sensitiveness of the red cells to the influence of 
-iuih another instance where the red cells are imma- 
(nn\ .li'iT.'pit, or weak. In syphilitic children, for instance, 
tiH-icuiy easily gives anaemia, while in healthy children it does 
lot, This will In' ilisi'ussed mom fully under syphilis. 

The necmbintic phenomena above described have been ol>- 
BWtad by HaragUano in carcinoma, lead poisoning, leukiemin, 
pernicious ana'iuia, purpura, cirrhotic liver, nephritis, pneu- 
monia, malaria, typhoid, ciysijielas, and tulwrculosis. Celli 
and Guaruieri (Fbrtachriik iat Mrdirin, 1889, No. 14) found 
them in measles and scarlet fever. Weintraub (J'lrcfunv'g Ar- 
chie, Vol. 131) noted them in epilepsy, pyaemia, and catarrhal 
juuuttoe. 

A decreased resistance to pressure of electric currents anil 
other influences has also Ihii-u noted by v. Liml>eck in some 
cases. 

Such weakening of the red cells experimentally produced in 
animals by poisons has been found (My a and Sanarelli, Arch. 
UaL <H Biotog., XVII., 1892) to increase the susceptibility to 
infectious diseases. 

III. Third Stage.— Hem the number as well as the quality 
nf tin- nil oils 1-egins to suffer. So far I have mentioned only 
the qualitative changes in secondary ameiuia and have purposely 
made these changes more prominent than the actual diminution 
in the count of red cells, liecnuse it is only comparatively rarely 
and in very marked cases that the diminution in red corpuscles 
is considerable. The blood characteristic of most cases of 860- 
.nuliirv umoola la one in which the number of red cells is ap- 
proximately normal. 

The ini|H>rtant exceptions to this rule are: 1, The antemias 
of uifaucy and early childhood. 2. Large hemorrhages (soon 
afl.-r their iH'iuireuce). '{. Malaria. 4. Acute septicemia. 

The dir-'i't and rapid destruction of (lie corpuscles by tlie 
malarial organism or hemorrhage aceonut for this. Of sepsis 
and the amentias of infancy we shall speak later. 

IV. [■',„, ,ih SI.iijc. — The blood of secondary anremia shows 
ofwfl I vi.lence not only <>f degeneration and destruction of the 
cells but also of regenerative changes, namely : 
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Nucleated Red Cells. 

These are usually divided into three groups 

(a) Normoblasts. 

(b) Megaloblasts. 

(c) Microblasts. 

Normoblasts. 

(a) The first are normally present in moderate number in the 
bone marrow of healthy persons, and in great numbers in the 
marrow after hemorrhage. They are generally considered to be 
a younger stage in the life of the corpuscle than the non- 
nucleated forms seen in the circulating blood. Hence the ap- 
pearance in the peripheral circulation of this form of nucleated 
cell is considered to mean that, in the comparatively plentiful 
reproduction of red cells called forth in the marrow by an 
anaemia, a certain number of red cells leave the nursery (the 
marrow) before they are grown up and circulate for a time in 
their immature state. A normoblast, then, represents an im- 
mature red corpuscle (see Plate IV.). 

In size and color it is like an ordinary red cell except that we 
find, usually somewhat to one side of it, a round nucleus about 
one-half the diameter of the whole cell. With the Ehrlich- 
Biondi ^ricolor mixture, this nucleus stains very deep blue, 
nearly black, and is sharply outlined against the pale yellow of 
the cell body round it. 

As the cell grows older it often pushes its nucleus out, and 
accordingly in many instances we actually see the nucleus pro- 
jecting over the edge of the corpuscle, or half out of it, and occa- 
sionally we find it lying beside the corpuscle from which it has 
just emerged. 1 Not infrequently, of course, the cell lies so 
placed that this expulsion of the nucleus happens to be " up- 
ward," or toward the eye of the observer; in this case we 
notice that the nucleus is more or less out of focus when the cell 
body is in focus, and that when we draw up the lens a little it 
becomes clearer. 

Very frequently the nucleus has toward the centre a light 
spot, sometimes so brilliant that it looks like the reflection of 

1 According to Ehrlich a new non- nucleated red cell is formed from 
this extruded nucleus. 
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light from tie surface uf ■ drop of ink or any dark liquid, what 
artiste call the "high light." Occasionally Hmk nro several of 
these light spots iu a nucleus, or it may be all light blue-gray ex- 
cept a dark blue rim. This is the commonest type of normo- 
blast. But now and then we meet with one when the nucleus 
is more or loss separated into two or more pieces. These pieces 
are usually connected by pale-staiuiug "bridges," perhaps ra- 
diating from a centre so that the nucleus is "rosette-shaped," 
or it may take any one of a large number of different shapes. 
The parts of the nucleus which are nearest the periphery of the 
cell usually stain deeper than the "bridges" which join them. 

Sometimes the nucleus breaks apart completely and we find 
two or more separate unconnected nuclei within the single cell.' 
Or one of the pieces may be outside the cell and the others inside. 

Rarest of all is the appearance of true, mitosis in the nucleus 
of a normoblast. 

(h) The typical megaloblast as usually desvril*-d is so unlike 
the normoblast that we should not naturally think of them as 
near relations. 

It does not occur anywhere in the healthy adult body, not 
even in the l»one marrow. Iu the t - . t . ■ I marrow and in the 
marrow and circulating blood of very grave forms of antenna it 
is to be found, usually in company with a certaiu number of 
normoblasts. 

Ehrlich has described it as the sign or product of a wholly 
different tyj>e of blood formation, namely, the fatal type, and 
aontidsn those amemias in which it occurs as tending to a re- 
turn of the blood to the foetal state. Here the nucleus, iustead 
of being extruded, is absorbed, and does not give rise to a new 
cell, so that there is no tendency to regeneration of the blood 
such as is expressed by the normoblast. Hence he regarded the 
presence of megaloblasts as a bad prognostic sign, ami btfievM 
that a pernicious or fatal anremia was characterized by an excess 
of thaw ells over the normoblasts. He recognized that they 
might be found in various milder forma of ameinia; but here the 
/•fruiliiiff ti/fie is the normoblast, and regeneration may be more 
active lliioi degeneration. 

The typical umjiihibl/tut is an abnormally large cell (11 to 20 P 
I Apparently the nucleus is sometimes absorbed and not pushed out. 



PLATE IV. 

(a) In the "typical megaloblasts " (m t m,m t m) note the white line 
around the nucleus, the variations in its tint, and, in two of them, the 
discolorations of the protoplasm ( poly chromatoph ilia), especially near the 
nucleus. The lower of the two cells in karyokinesis shows this best 

(6) Note in the cells with dividing nuclei (D,D,D,D) the grayish 
M bridges" joining the separate parts of the nuclei. 

(c) In the microblast note the ragged edge of the protoplasm. 

(d) In the lower portion of the plate ("cells deformed in size or shape") 
an actual field from a case of pernicious anaemia was copied. Macrocyies 
(or large cells), microcytes (or small cells), and misshapen cells or poikilo- 
cytes are shown. 

(e) The u polychromatophilic cells" in the lower right-hand corner were 
stained with the same mixture as those to the left of them, but have taken 
up other colors besides the orange O, which alone is taken up by normal 
red cells. 




Varieties of Nucleated Red Cells 
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in diameter, frequently showing marks of degeneration (poly- 
chromatophilia) in its protoplasm, which is therefore brownish 
or purplish with the Ehrlich-Biondi stain. Its nucleus is very 
large, tilling most of the cell, and contrasts with the normoblast 
nucleus not only by its greater size but by the pale, even stain 
which it takes up. The commonest color of the nucleus with 
the Ehrlich-Bionrli stain is pale green or robin's-egg color. 
Sometimes it is not stained evenly but dotted overwith purplish 
granules arranged in a mesh like the knots in a fish-net (see 
Plate TV.). 

Outside the nucleus there is usually a narrow band of clear 
white, apparently an empty space, separating the nucleus from 
the encircling protoplasm. The protoplasm close round this 
colorless ring in usually stained more deeply than the rest of the 
cell. Cracks and " flaws" are sometimes to be seen in the proto- 
plasm, giving evidence, as its purplish stain does, of the necro- 
biotic changes described by Maragliano. 

The outline of the whole may be quite circular : oftener it is 
oval or somewhat irregular, but rarely much deformed. 

JluTobkt&ts. 
(c) Microblasts, which are rarer than either of the varieties 
just described, consist of a nucleus like that of a normoblast or 
smaller, and contained in a cell body smaller than the normal 
red corpuscle. In the writer's experience the cell body is usu- 
ally reduced to a few shreds of discolored protoplasm hanging 
about the nucleus (see Plate TV.). Their significance is usually 
supposed to be that of megalnbliists. 

" At y 1 1 leal Fornix." 
Unfortunately for our terminology and for Ehrlieh's theory 
of two separate types of blood formation, we find in some cases a 
variety of other appearances in the nucleated red cells. Some- 
times we find in a given specimen of blood only typical normo- 
blasts, raicroblasts, and megaloblasts, and accordingly can easily 
reckon up the number of each kind and see which type of blood 
formation predominates. More often there are a few cells pres- 
ent, al>ont the classification of which we cannot come to a deci- 
sion, and I have occasionally men a specimen (if hlood contain- 
ing a large number of nucleated red cells no one of which could 






78 CLINICAL BLOOD EXAMINATION. 

strictly bp nliwnflfl either M a normoblast, a megaloblast, or it 
mieroblast, as these are usually defined. 

This I have attempted to illustrate in Plate IY. Judging 
frni ii appearances we sbould naturally suppose these to be inter- 
mediate stages between the three types. Thus wo find cells like 
some of those shown in Plate TV., which are like normoblasts 
exoept that the nucleus stains pale green or even like a rnegalo- 
blast. The protoplasm of the normoblast very frequently shows 
a lesser degree of the degenerative changes supposed to l»e 
characteristic of the megalohbisr. 

The other cells iu the plate (o, o, o, etc.) illustrate other of 
these varieties. A list of those most commonly seen is as fol- 
lows: ' 

1. Cells like a normoblast, except in showing irregular out- 
line and degenerated protoplasm. 

2. Cells like a normoblast, except in having a /«/<- gntm 
nucleus either small or nearly tilling the cell. 

3. Combinations of the above. 

4. Cells like a normoblast, except that the dark nucleus fills 
nearly the whole cell. 

5. Cells like a normoblast, except that the cell Imdy is as 
large as that of a megaloblaat. 

ii. Same as 5, but with pale nucleus. 

7. Cells like a megaloblast, but having a dark nucleus 
iusti'iid of a light one. 

8. Cells like a megaloblast, but showing only minute specks 
of dark nuclear substance scattered through them. 

9. Cells like a normoblast with dividing nucleus, but much 
larger. 

10. Cells with mitosis in the nucleus. 

Besides the difficulties entailed by the existence of all these 
unnamed varieties, we have the ambiguity and uncertainty 
involved in the definition of the named types. For instance, 
I migaloltlast is a cell considerably larger than a normoblast. 
How much larger? It has a large pale nucleus; how large and 

hoi ptltf 

These questions may seem like quibbling, but when it 

I I hnve seen all of these in a single cover-glass specimen, so that the 
(litlnrencea do not depend oo differences in the methods of preparation 
and staining 
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depends on the answer given to them whether we class a given 
cell as a megaloblast or as a normoblast, and the prognosis of 
the case depends on the relative proportions of these two varie- 
ties, it may make considerable difference which way we decide. 1 

For reasons given more fully in the chapter on a Pernicious 
Anaemia," I have usually adopted the following definitions: 

Normoblast : A nucleated red cell not over 10 p in diameter, 
tchose nucleus is not more than one-half the diameter of the cell. 
The nucleus may be dividing or divided, but must stain deeply. 

Megaloblast: All other varieties of nucleated red cells except 
microblasts. 

I think it is evident that there is no sharp line to be drawn 
between the three types of cells, or the two methods of blood 
formation, so that these divisions into normoblast, microblast, 
and megaloblast are somewhat misleading and arbitrary. But 
they have a certain convenience if used only to mean the 
extremes of the series, from the most fruitful to the least fruit- 
ful kind of nucleated cell. 

In secondary anaemia of all kinds we may always find 
normoblasts. In very severe forms, whatever the cause, we may 
or may not find an occasional megaloblast. But these are 
much rarer than the normoblasts, even in the severest types of 
secondary anaemia. The only exceptions to this rule are the 
anaemias due to intestinal parasites, in which, though secondary 
and curable, the megaloblasts in some cases predominate over 
the normoblasts. 

Summing up the changes characteristic of secondary 
anaemia, which includes almost all the important pathological 
appearances occurring in red cells, we have : 

( (a) Lack of haemoglobin. ) 

I. '] (b) Lowered specifier Characteristic of mild cases. 
( gravity. ) 

II. The above and necrobiotic ) Characteristic of moderate 

changes of Maragliano. f cases. 

" (a) Lack of red cells. 
(6) Presence of normo- 
blasts and the above I cases. 
[ (I. and II.). J 
IV. Megaloblasts and the above ( Characteristic of very se- 
(L, II., and III.). f vere cases. 

1 Cf. Askanazy : Zeit. f. klin. Med., 1896, vol. xxvii. 
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Tlie changes in the whit* cells will ho discussed iu tin- Deri 
chapter. 

Among the commonest causes of secondary amentia are : I. 
Infective and febrile d incases, acute or chronic. II. Malignant 
disease. 111. Clu'mie suppurations, nephritis, chronic dyscu- 
tery, cirrhosis of the liver. IV. Bad hygiene, pregnancy, and 
lactation. V. Intestinal parasites. VI. Poisons (lead, arsenic, 
etc.). 

To discuss the way in which each of these influences acts 
in producing anamia is tempting, but falls outside the plan of 
this hook. 

2. HtPWWHIi 

(a) Seen from the opposite point of new almost all cases of 
aniemia are hydremic. That is, if the total volume of blood 
is to n-iiiaiu approximately constant (as it appears to doj, any 
loss of solids (corpuscle substance) must be made up by water 
taken in from the tissues. Hence any amende person's blood 
is thin, watery, or hydraulic. Women's blood is somewhat 
more hydremic than men's, because less rich in cells. 

(/») In many conditions of dropsy, whether from heart or 
kidney, we may have more water than normal, both in the 
plasma and in the corpuscles themselves, which are capable of 
taking up considerably more than their normal amount of 
water. 

(c) Any teni)>orary dilution of the blood under the condi- 
tions mentioned above (ingestion of liquid, lowered blood pres- 
sure, etc.) is from one point of view a hydremic condition. 

No special clinical significance attaches to it other than 
that of ansmia, whose correlative it is. 



CHAPTEK VIII. 

LEUCOCYTOSIS— LYMPHOCYTOSIS— EOSINOPHILS— 

MYELOCYTES. 

Much confusion has been caused in the past by the failure 
to see in leukemic blood anything more than an extreme and 
permanent form of leucocytosis, while leucocytosis was thought 
of as a mild and temporary leukaemia. 

We know now that they are totally different phenomena, 
differing not in the number, but in the kind of cells present in 
the increased numbers. 

Definition. 

There are many difficulties in defining leucocytosis. To my 
mind the term is best used to mean : An increase in the number 
of leucocytes in the peripheral blood over the number normal in the 
individual case, this increase never involving a diminution in the 
polymorphonuclear varieties, but generally a marked absolute and 
relative gain over tlie number previously present. 

(a) I say " in the peripheral blood" because the majority of 
observers now hold that leucocytosis is not a real increase in 
the total number of leucocytes in the blood, but only an affair 
of distribution, the cells being drawn or attracted to the pe- 
riphery and out of the internal organs. Whether this theory 
be true or not, it is accurate to say that in the drop which we 
draw (whether also in the internal organs or not), the leuco- 
cytes are present in increased numbers per cubic millimetre. 

(ft) In persons not usually to be considered sick, but simply 
somewhat wizened or ill-nourished, the normal count of white 
cells may be as low as three thousand per cubic millimetre. 
For such an individual ten thousand cells per cubic millimetre 
would be a decidedly pathological condition. On the other 
hand, there are persons, usually those of notable vigor and 
good nutrition, whose white cells rarely fall below ten thousand. 

Obviously we must take account of these differences both in 
our definition and in our practice if we are to reason correctly 
from the data of blood examination. 
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(<■) Further we must lay stress upon the varieties of leuco- 
cytes whose increase constitutes leucocytosis in distinction from 
either variety of leukteniiu (splenio-inyalogwiom, or lymphatic). 

For instance, given a count of eighty thousand leucocytes 
per culiic millimetre, we cannot tell without knowing the va- 
rieties of cells present whether the case is a genuine leuktemla 
or a merely leucocytosis symptomatic of pneumonia, suppura- 
tion, malignant disease, or other conditions. 

(</) Thus denned leucocytosis is of two kinds. 1. That iu 
which the relative proportions of the different varieties to each 
other is unchanged. 2. That in which the increase is made up 
solely or largely by a gain in the polymorphonuclear or adult 
leucocytes. 

The latter includes nearly all pathological leueot-\ 'tOBBB, tln.i 
former being confined chiefly to the physiological loucocytoses 
next to Vie described. 

(e) Lastly, in order to be sure that the jiolymorphonuclear 
.ells are not decreased, we must know what the normal percent- 
age for lluit individual is. The normal percentage of these cells 
in infancy is from twenty -eight to forty percent. In iidnlts it 
is much higher, but varies like the total count, according to 
conditions of nutrition, etc. Thus the normal for adults is 
usually set at from sixty to seventy iter cent, but no one indi- 
vidual's blood shows such variations iu health, and if we 
include the obviously ill-nourished, but not actually sick, and 
also those in blooming health, we Bhall have to widen our nor- 
mal limits considerably. From fifty to seventy-five per cent 
are within normal limits according to the above conception. 
But obviously we can make no absolute judgment by a standard 
bo vague. It is much better, I think, to consider each indi- 
vidual as his own standard within these limits, his count of 
pohm.ir|>lir.?]n,'|,;ir oellfl U'ing a fair measure of the soundness 
and vigor of his metaliolism. Thus, iu an obviously debilitated 
individual, we should consider seventy-two per cent of these 
cells very high, while in a vigorous athlete it might not be so. 

It is the endeavor to include all those limiting conditions 
that has made my definition so long aud involved. It gives us, 
if it turns out to be true, some better way of classing individuals 
than as " sick" or ■ well" as regards their blood state. "We find 
out how well or how sick their blood is (to a certain extent), (a) 
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by the total number of leucocytes present, and (b) by the pro- 
portion of old cells (polymorphonuclear) in a given one thou- 
sand of those leucocytes. These data tell us approximately how 
normal or how abnormal a given individual's blood is. When a 
given disease like pneumonia occurs, we need to know, if pos- 
sible, what is the ordinary leucocyte count and differential 
count of that case, on top of which a leucocytosis may (or may 
not) be built up. 

Condition of stasis, temporary blood concentration, dilution, 
and vasomotor disturbances must, of course, be excluded or 
allowed for, since these may increase not only the total leucocyte 
count, but often the percentage of adult cells. Whether or not 
differences of race make any difference in the normal count of 
white cells, I cannot say, but certainly the average of a group of 
college athletes would be higher than that of some country towns 
in New England where everybody is more or less under-nour- 
ished; and if one is to practise among all sorts and conditions 
of men, I think he cannot but expect to find people's leucocytes 
vary all the way from 3,000 to 10,500 per cubic millimetre, with- 
out there being anything more than malnutrition to account for 
the lower figures. 

Into the theories of how leucocytosis is brought about I 
shall not enter ; no one of them as yet commands general assent. 

We may divide leucocytoses for convenience' sake into: 1. 
Physiological leucocytoses. 2. Pathological leucocytoses. 

Physiological Leucocytoses. 

1. Leucocytosis of the new-born. 

2. Leucocytosis of digestion. 

3. Leucocytosis of pregnancy. 

4. Leucocytosis of post-partum. 

5. Leucocytosis after violent exercise, massage, and cold 
baths. 

6. Leucocytosis of the moribund state. 

The Leucocytosis as Affected by Digestion. 

(a) Total abstinence from food lowers the leucocyte count. 
In the blood of the professional faster Succi, the number sank 
within his first week's fast to 8G1 per cubic millimetre. After 
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the first week it rose to 1,530, ami remained there throughout 
his thirty days' abstinence (Lueiani '). 

Von Limbeck counted the blood of ft melancholic patient 
who had fasted a week, and found 2.R00 white cells per cubic 
millimetre. These facto supjuirt the idea that the number of 
leucocytes dc]tencls (within certain limits) on the individual's 
MWWlilwtififi of food. Id cancer of the gullet we find similar 
low figures. 

(6) After a meal ricli in proteids the leucocyte count rises 
about thirty- three percent in most sound persons. Ten thou- 
sand cells may perhaps be considered the average, three to four 
hours after a proteid meal, but if the count before a meal is 
only 4,000 or 5,000, dlgsatfoil will porittjM not raise it above 
7,000, while rigorous adults may show 13,000. Digestion leu- 
kocytosis is always relative to the couut of the individual's 
Uood irliru fiiKlimj. This is to be obtained preferably before 
breakfast, as during the day the leucocytosis caused by one meal 
may not !>e gone l>efore the influence of the next meal begins. 

Occasionally we nee si mm! persons with little or no digestive 
leucocytosis. BofH • if those cases are to be explained by habit- 
mil ciiTiHiipatiou (v. Limbeck); in others the reason is more 
obscure. But there is no doubt of its being the rule after 
meals '[ mixed or proteid diet. Iu herbivorous animals, and 
presumably in vegetarians, it is not found. 

Any disease uf tin gaslro-iuti-stmal tract, whether functional 
or organic, may prevent the appearance of the digestion leuco- 
cytosis (see later uuder Diseases of the stomach, page 241). In 
amende and debilitated conditions it is frequently absent. 

In children it is especially marked. Schiff * records a case 
of a healthy infant whose blood an hour after birth showed 
19,000 (bm uext section), after ito first meal 27,625, and after its 
butt ine.il 86)000 wliiiii ii lis poi I'ubic millimetre. After the 

a ml ihiv tfaii gndna&j <! burnished. 

ill forth a greater leucocytosis in proportion 
as it is a novelty in the stomach. Cases of gastric ulcer who 
had bttfl Esd i-M'hwiveiy by iivtiim for some weeks show a 
greater leucocytosis after their first meal than later. Perhaps 
Hm linol the digestion leucocytosis in the new-born is to be 
' * Dm Hungem," German tranxtation by O. FriUikel. Hamburg, 1800. 
'Zelt. f. Heilk.. xi., 18B0. 
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similarly explained. In diabetics the digestion leucocytosis is 
sometimes very large. 

The leucocytosis can usually be observed one hour after a 
meal, increases for two, three, or even five hours according to the 
slowness of digestion, then falls again. 

Excepting the eosinophils, the proportion of the different 
varieties of leucocy tes to each other is not considerably affected, 
this being one of the few varieties of leucocytosis in which the 
increase takes place "all along the line," without special pre- 
dominance of any single variety. In other words, the blood is 
neither older nor younger. The eosinophiles, however, are 
markedly diminished. 

Diagnostic Value. 

1. When we wish to know whether a person is accurate in such 
statements as that they have " eaten nothing for a week," we can 
get evidence from the leucocyte count, which should be very low 
if the assertion be true. Whenever we cannot communicate 
with a patient and wish to know how much food he has taken of 
late, we can form some idea from the blood examination. In 
the case of a patient who spoke only Russian, I was led to 
look for a stenosis of the gullet by the lowness of the leucocyte 
count (2,700), and the probang confirmed the suspicion. 

2. As suggested above, we can form some idea of a person's 
general vigor, nutrition, and capacity to assimilate food by the 
number of leucocytes and the proportion of mononuclear 
(young) cells, as compared with the average figures for that age 
and locality. Persons debilitated from any reason are apt to 
show it in their blood by the changes above mentioned, the 
element of hysteria being sometimes recognizable by other 
signs (see below: "Eosinophilic" page 101). 

3. Slowness of digestion is indicated by a late appearance of 
the digestion leucocytosis. The inferences to be drawn from the 
blood in diseases of the gastro-intestinal tract will be discussed 
later (page 236). 

4. Perhaps the chief importance of digestion leucocytosis is 
as a possible cause of false inferences, through being taken for a 
pathological increase. Bearing this in mind, we must always 
examine the blood as near a meal as possible, or better still 
before breakfast. 



. lil.oul. KXAMIXATlliX. 



Leucocytoxix of the. Xvtc-Bwn. 

The following table in compiled from the bent authorities on 

the subject (Scliiff, Gundobin, Bayer, Hayein, and others) : 
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LeucocylM. 




3, BOO, 000 

7.000.000 to 8,800,000 
Generally increased. 

i-.. in ..I..:..., 
5,000.000 




End of first day 


000 to 30. "Walter 
first feeding). 

24.000 














Tw.lfih M eighteenth day 










Sixth year And upward 











The increase is explained by Leprae, v. Limbeck, and others 
us a combination of blood concentration with large digestion 
leucocytosis. Gundobin and others are opj>osed to this theory. 
Certainly the influence of digestion on infant's blond is much 
greater than in adults. After a meal 30,000 leucocytes is never 
it very high eount in infants under two years, 

A fuller discussion of the subject will be found in the chapter 
on the blood in infancy. 



The Leucocytosis of PrtgtVBIC]f, 

Most primii"irn- xlunc during the latter months of prctjttitw-ii n 
moderate increase of aU varieties of leucocytes. Thirteen thou- 
sand cells per cubic centimetre is about the average count. 

In multiparie it occurs in only about fifty per cent of the 
cases. Digestion leucocytosis "on top of" the constant preg- 
nancy leucocytosis, so to speak, does not occur. 

As mentioned above, the relative percentage of the different 
types of leucocyte remains unchanged, so that all varieties must 
be equally increased (eosinophiles excepted). The fact that 
digestion does not increase the pregnancy leucocytosis, leads 
to the suggestion that the whole thing may be only a prolonged 
digestion leucocytosis— the mother having to eat for two. The 
swelling of the breasts may also account for part of the leuco- 
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cytosis. In the last weeks of pregnancy the leucocytosis 
increases till at the beginning of labor it is often 16,000 to 
18,000. It has no diagnostic value, as it is not present during 
the earlier months of pregnancy when diagnosis is difficult, and 
in the later months such conditions as hydatiform mole and 
fibroid tumors might raise the count of white cells as much as 
pregnancy. 

Leucocytosis After Parturition. 

The following charts illustrate the course of the leucocyte 
curve from the time of parturition till the end of the second week 
after it. 

All were primiparsB excepting Nos. 5, 8, and 9. There was 
no sepsis in any case, and the temperature charts were practi- 
cally normal after the second day. No reasons are known for 
the variations between the different cases. All were counted at 
the same hour of the day, and under the same conditions of 
nutrition. All nursed their children. 

The only importance of this leucocytosis is that it might be 
confounded with a pathological leucocytosis in a case suspected 
of being septic. Just how long the leucocytosis is prolonged 
during lactation has not been studied so far as I am aware, but 
it certainly may go on several weeks. 

Violent exercise, massage, and short cold batlts have been 
shown to cause a temporary increase in the number of leuco- 
cytes in the peripheral blood, all varieties of the cell being equally 
increased. The explanation usually given is that the blood 
is concentrated by vasomotor contraction and rise of blood 
pressure. 

Schultz (Deut. Arch./, klin. Med., 1893, page 234) found the 
leucocytosis of exercise amount to about the same as that of 
digestion, 11,000 to 13,000. He also noted that in dogs 
merely opening the peritoneum aseptically or breaking a leg 
caused leucocytosis. 

Thayer studied twenty cases of typhoid and found an aver- 
age of 7,724 white cells before and 13,170 after a Brand bath 
{Johns Hopkins Medical Bulletin, April, 1893). The increase 
took place equally in all varieties. Winternitz (Imperio-Royal 
Medical Society, Vienna, February, 1893) came to a similar 
conclusion and found also that prolonged cold bathing decreased 
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the Dumber of white cells (dry cold does the same). On tha 
contrary, short hot baths decrease and prolonged ones im-reiwu 
tbo number of leucocytes. 




Hliltii-H-H+rrrTrTi-n- 



f 



Lend arm baths liave a similar effect, raising the count of 

boeoej tea in the blood otitic EmoMnedani if cold and short, and 

lowering it if hot and hhovt, while prolonged immersion haa an 
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opposite effect. In the other arm the counts go up when those of 
the immersed arm go down, and rtVe vers** (Itovighil . ' Mitchell * 
found that the leucocytes shoved distinct increase (as well as the. 
red cells and haemoglobin) after one hour's general massage. 




All these forms of leucocytosis are usually explained by 
changes in blood pressure, and vasomotor changes affecting the 
1 Arch. Ital. it. Clin. Med., xxxtu, 8. 1898. 
* American Journal of the Medical Sciences, May, IBM. 
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calibre of the peripheral vessels and consequently (heir fun- 
tents. 

Termitmf Leucnrijlniih. 

The leukocytosis of the moribund state, though by no means 
invariable, occurs in many cases, whether from the influence of 
a terminal infection or from stasis. Where death is sudden or 
rapid it does not occur. It seems to be analogous to the ter- 
minal rise of temperature seen at the close of many chronic 
non-febrile affections. The lunger the patient is moribund the 
higher the couut reaches. In jwrnicious aneemia the increase 
may be so great as to simulate lymphatic leuktemia. Such a 
case occurred in the writer's own experience. The patient had 
presented the signs and symptoms of pernicious antemia, and 
the blood was typical of the disease in all respects except for 
the lack of nucleated red cells. 

Slides taken on the day of death showed a ratio of one white 
to fifteen red eelta, the small lymphocytes greatly predominat- 
ing, l>nt the autopsy revealed simply the lesions of pernicious 
anffiinia. The differential count of one thousand leucocytes on 
the day of il.Mth showed ! Young cells, 91.7 percent; adult cells, 
7.7 per cent; old cells, 0.5 j>er cent. Four inegaloblasts were 
seen while counting these. The total leucocyte count was un- 
fortunately not made. 

In ordinary cases the differential count shows an increase 
in the adult leucocytes. Thus in a case reported by IUeder, 
in which the leucocyte count rose during the last two days of 
life from 7,800 to 59,300. the polymorphonuclear cells consti- 
tuted 87.5 per cent of the whole 59,300. 

Pathological Leccocytoses. 

Fur convenience' sake these may lie divided as follows: 

1. Post-hemorrhagic leucocytosis. 

2. Inflammatory leucocytosis. 

3. Tosic leucocytosis. 

4. Leucocytosis in malignant disease. 

5. Ijeucocytosis due to therai>eutic and ex j>eri mental in- 
fluences. 
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1. Post-hemorrhagic Leucocytosis. 

Within an hour after a large hemorrhage we find commonly a 
considerable increase (16,000-18,000). In hemorrhage from the 
stomach this disappears again usually within a day or two, 
while in ordinary traumatic hemorrhage it persists longer. 
This last fact may perhaps be explained, as v. Limbeck sug- 
gests, by the local conditions in the wound rather than by the 
loss of blood in itself. 

The adult leucocytes are increased relatively and absolutely 
as in other forms of pathological leucocytosis. The degree of 
increase in the white cells is parallel in a general way to the 
anaemia produced in the individual, i.e., it depends on his pow- 
ers of recuperation rather than on the amount of blood lost. Its 
duration follows the same rule. 1 

2. Inflammatory Leucocytosis. 

I use the term "inflammatory leucocytosis" rather than 
u leucocytosis of infectious diseases" because there is a consider- 
able number of infectious diseases in which no leucocytosis oc- 
curs, while it accompanies almost all forms and cases of inflam- 
mation. Nevertheless I shall class under this heading some 
diseases in which inflammation plays but a very subordinate 
role. 

I. Although purulent and gangrenous processes usually cause 
a higher count of white cells than serous processes, the amount 
of the exudation is not a measure of the amount of leucocytosis. 
It seems to depend rather on the resultant of two forces, viz., 
the severity of the infection and the resisting power of the indi- 
vidual. These factors may interact in various ways : 

1. Infection mild : resistance good = small leucocytosis. 

2. " less mild : " less good = moderate leucocytosis. 

3. u severe: ** good = very marked leucocytosis. 

4. u u " poor = no leucocytosis. 

This will be illustrated later under u Pneumonia" and under 
"Sepsis." Experiments on animals show that whereas moder- 
ate sized doses of septic cultures, not sufficient to kill the 

1 Further account of the blood after hemorrhage will be found on page 
109 et seq. 
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;: 'ii i ii:i.1. are followed by leucocytosis, larger doses after wliich 
death follows speedily, do not raise the leucocyte OOOal at all. 
Animals weakened by any cause show less leucocytosis to a 
moderate, dOM than strong animals. 

If the individual reacts from the shock his leucocytes are in- 
creased again and rise above normal. If reaction fails the leu- 
cocytes do uot rise. 

II. Li flu inuia to ry leuci xsy ti IMS differ from physiological leu- 
cocytoses— 

(a) In being usually of larger exteut. 

(d) Id being accompanied by a relative and absolute increase 
in the percentage of polymorphonuclear (adult) cells. 

III. '['lie course of tin- leucocytosis as r--^;irds liolli amount 
and duration shows, like the temperature chart, certain more or 
less characteristic differences in different diseases. 

TV, In some cases in which the absolute number of leuco- 
cytes is not increased, we see a relative increase in the adult 
cells, pointing to the fact tlmt influences are at work similar to 
those which produce an n!isi<hiti; increase. 

V. That the amount of exudation is not of itself a measure of 
the amount of leukocytosis is shown by the fact that erysipelas 
or scarlet fever may be accompanied by as high a count as the 

oimt in pneumonia or empyema. 
That purulent exudations usually have more effect on the 
white cells than do serous ones is due, I suppose, to the fact 
that a purulent inflammation usually means a severer infection. 

VI. No direct connection exists between leacocytosis and 
fever, many febrile affections running their course with a normal 
tea OQQyts count. When both leucocytosis and fever are due to 
the same causes they rise and fall together, but the correspond- 
ence is rarely accurate, and marked leucocytosis may exist with- 
out fever. 

VIL Acute, rapidly spreading inflammations seem to pro- 
duce a greater leucocytosis (other things being equal) than 
those in wliich the process is relatively chronic and stationary. 
For instance, an appendicitis, when well walled off and station- 
ary, shows less increase in white blood cells than while its le- 
sions are progressing. But peracute, overwhelming general sep- 
sis may hare no effect on the leucocytes, the reactive j>ower of 
the organism being crushed. 
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VIII. Most inflammatory leucocytoses are preceded by a 
temporary diminution in the number of leucocytes. This oc- 
curs in animals from shock of any kind (blows on the head, 
tying to the etherizing board) , and it seems not unlikely that 
the cause is the same in all cases. 

The following is a list of the more important inflammatory 
or infectious conditions in which leucocy tosis appears : 

1. Infections diseases ivith comparatively slight local inflamma- 
tory processes : 

(a) Asiatic cholera. 

(b) Relapsing fever. 

(c) Typhus fever (according to the majority of observers). 

(d) Scarlet fever. 

(e) Diphtheria and follicular tonsillitis. 
(/) Syphilis (secondary stage). 

(g) Erysipelas. 
(A) The bubonic plague. 
2. Infectious diseases ivith more extensive local lesions : 

(a) Pneumonia. 

(b) Small-pox (suppurative stage). 

(c) Malignant endocarditis, puerperal septicaemia, and all 
pyaemic and septicemic conditions. 

(d) Actinomycosis. 

(e) Trichinosis. 
(/) Glanders. 

(g) Acute multiple neuritis and beri-beri. 
(h) Acute articular rheumatism. 
(i) Septic meningitis and cerebro-spinal meningitis. 
(J) Cholangitis, cholecystitis, and empyema of the gall blad- 
der. 

(k) Acute pancreatitis. 

(I) Endometritis, cystitis (some acute cases). 

(m) Gonorrhoea. 

3. Local inflammatory processes : 

(a) Abscesses of all kinds and situations, such as 

Felon. 

Carbuncle, furunculosis. 

Tonsillar and retropharyngeal abscess. 

Appendicitis. 

Pyonephrosis, perinephritic abscess and pyelonephritis. 

7 
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Osteomyelitis. 

Psoas and Lip abscess when not simply tubercular. 
Abscess of lung, liver, spleen, ovary, prostate. 
Salpingitis and pelvic peritonitis. 

(b) Inflammations of the serous membranes including : 
Pericarditis, i>eritonitis, pleurisy, arthritis (serous or puru- 
lent, non-tubercular). 

(c) Gangrenous inflammations, as of the 
Appendix, lung, bowel, mouth (noma). 

(d) Many inflammatory skin diseases, such as dermatitis, 
pemphigus, pellagra, herpes zoster, prurigo, some cases of uni- 
versal eczema, etc. 

3. Toxic Leucocytosis. 

Under this heading I have grouped most of the conditions 
not obviously to be explained as infectious or inflammatory 
(though some may turn out to be such) and not due to malig- 
nant disease or therapeutic agencies. This classification is 
chiefly for convenience 1 sake and represents only a guess at the 
real explanation of the leucocytosis: 

(a) Leucocytosis of illuminating-gas poisoning. 

(b) u u quinine poisoning. 
(r) " u rickets (many cases). 

(</) " u the uric-acid diathesis, gout. 

(e) " " acute yellow atrophy of the liver. 

(/) " " advanced cirrhosis of the liver (some 

cases) especially with jaundice. 

(</) u " acute gastro-intestinal disorders (pto- 

mains ?) . 

(//) " " acute nephritis, and some chronic cases, 

usual lv uriemic. 

(i) " " hydronephrosis. 

(,/) 4 * after injections of tulwrculin and thyroid 

extract. 

(A) ** after injection of normal salt solution (in- 

travenous). 

(0 u after ingestion of salicylates. 

(//') " during and after etherization. 

Possibly the leucocytosis of acute delirium belongs also in 
this group. 
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4. Leucocytosis of Malignant Disease. 

Very likely this belongs more properly under one or another 
of the classes just mentioned. Some observers think that it oc- 
curs only from the inflammation excited in the periphery of 
some malignant tumors ; others that it is due to absorption of 
morbid products from the tumor itself; others again that it is 
to be accounted for by the cachectic state associated with the 
growth of the tumors. The details and conditions of its occur- 
rence will be discussed later (page 287). 

5. Leucocytosis Due to Tlierapeutic and Experimental Influences. 

Pohl l found that most of the so-called tonics and stomachics 
produce a slight increase in the white cells in animals, particu- 
larly the vegetable tonics like tincture of gentian, and oil of 
anise seed, while bismuth, bicarbonate of soda, and iron had no 
such effect. Quinine, caffeine, and ethyl alcohol gave likewise 
negative results. Von Limbeck found leucocytosis in men after 
oil of peppermint and oil of anise seed. 

Binz 8 got the same results with camphor. In all these ex- 
periments the substances were given by the mouth. 

Using subcutaneous or intravenous injections, Lowit experi- 
mented on animals with hemialbumose, peptone, pepsin, nucle- 
inic acid, nuclein, extract of blood-leech, pyocyanin, tuberculin, 
curare, uric acid, urate of sodium, and urea. All but the last 
of these produce temporary decrease followed by increase of 
leucocvtes. 

Goldschneider and Jacob 3 used extracts of various organs. 
Extract of spleen, marrow, and thymus produced leucocytosis 
preceded, as in Lowit' s experiments, by a brief diminution in 
the number of leucocytes, while extract of pancreas, thyroid, 
kidney, and liver had no effect. 

Winternitz 4 injected a large variety of substances subcutane- 
ously and found that the degree of leucocytosis was parallel to 
the degree of local reaction excited. 

For example, neutral salts and weak acids or alkalies pro- 

1 Arch, f. exp. Path. u. Pharm., 1889, vol. xv. 
*Arch. f. exp. Path. u. Pharm.. vol. v., p. 122. 
8 Arch. f. Anat. u. Physiol., 1893, p. 567. 
4 Arch. f. exp. Path. u. Pharm., vol. xxxv., p. 77. 
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duced slight local inflammation and a leukocytosis of from forty 
to seventy -five per cent of the original count. But irritants like 
turpentine, srotoo uil, nitrate of silver, sulphate of copper, 
mercury, antimony, digitoxin, etc., produced local suppuration 
(aseptic) and much greater leucocytosis (two hundred to three 
bundred i>er cent). 

Pilocarpine and antipyrin have been found by v. Jaksch aud 
others to produce marked increase in the number of leucocytes 
when given subcutaueously . During the use of thyroid ex- 
tract Biohtex (QmkaOiatt /. !„„. J/,./.. 1H96, p. 3) uoted 
leucocytosis. 

A large uumlier of observations on the effects of injections 
of bacteria or their toxins agree in the following results. 

1. Where the dose is very large the leucocytes are reduced, 
and the animal dies. 

'2, When the dose is not sufficient to kill the animal the 
temporary diminution in the leucocytes is soon followed by leu- 
OOGJ tO*bl 

:!. Whi^re the dose is slowly fatal the count of lenoooytea 
tH.-ilhitt-H ii 1 1 and down within wide limits. 

4. Animals previously rendered immune to the poison iu- 
jivt.d slum- little or no leueocytusi*. 

5. Leucocytosis is more easily called forth aud of greater ex- 
h<nt in jroong iiiiiiaals. 

b\ Most pathogenic organisms act similarly, but bacilli and 
toxins of tuberculosis as a rule cause no leucocytosis. 

7. There is no evidence that any one variety of leoOOOyte is 
attracted bvniii |i;u'tii'ul.ir bacillus or toxin. 

Li the above sketch of therapeutic and experimental forms of 
leueucytosis no attempt has been made to give anything but 
interesting and important outlines of the immense 
aim unit of work done. 

. lt<~< net of Leucocytmi*. 

It is ol fully as great a practical assistance to us to know 

that in certain infective diseases leucocytosis is regularly ab- 

si tit us in know those conditions in which it is to be expected. 

Among the most important diseases in which leucocytosiB is 

oooipuDoinl] absent are: 
■" | Vi phoid fever. 
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(ft) Malaria. 

(c) Grippe (most cases). 

(d) Measles. 

(e) Rotheln. 

(/) Tuberculosis, including — 
Incipient phthisis. 
Miliary tuberculosis. 
Tubercular meningitis. 1 

peritonitis, 
ostitis and periostitis. 
" pleurisy. 

u pericarditis. 

In some of these affections, notably in miliary tubercle and 
the later weeks of typhoid, the leucocytes are diminished. 
Further details will be given under the special diseases. 

Leucopenia. 

Definition. — A diminution in the number of white cells in 
the peripheral circulation as compared with the number normal 
for the given individual. 

1. The effects of starvation and malnutrition in producing 
leucopenia have already been described. Such leucopenia is 
usually associated with lymphocytosis (see below). Cancer of 
the gullet is an example of this class. 

2. Short hot baths or prolonged cold baths produce tem- 
porarily the same result (Winternitz, he. cit.). 

3. Most of the infective diseases in which there is no leuco- 
cytosis are sometimes characterized by leucopenia, e.g., grippe, 
measles, miliary tuberculosis, and other forms of pure tuber- 
cular infection, malaria, and especially typhoid, in the later 
weeks of which it is almost invariable, and is accompanied by 
lymphocytosis. 

Where a case of leukemia is complicated by an infective 
disease (pneumonia, septicaemia) the number of leucocytes may 
fall below the normal. In a case recently occurring at the Mass- 
achusetts General Hospital in which a lymphatic leukaemia 
was terminated by septicemia from glandular suppuration, the 

1 Osier in the last edition of his text- book records that leucocytoais is 
often present in this disease. Most other observers have not found it. 
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white ri'lls fill grsdnaD] from 40,000 three weeks before deetll 
to OS per cubie millimetre on the day of death. I ban nereX 
heard nf a lower conut than this. The differential count iru 
unchanged (lymphocytes — ninetT-eiglrl percent). 

4. Iii pernicious auiemia the count in usually very Inw kk) 
may fall below 1,000 cells per ouWc millimetre. Other forms of 

auicmta (rachitic, syphilitic) occasionally produce the same re- 
sult. 

LSMTBOOI KNOB. 

Li/iiiphnrit/oxix i.i a rclf'firr inrtniHt in III' fi/iii/iii'X'jftvtl OT yoitllfj 

otth '■' '!'•■ Hood, iri/h or n-iti„„,t ,1,1 McnoH '■/ 'In- total leaooofk 
amiil. The increase is relative to the percentage of young cells 
normal for the individual. When lymphocytosis and an in- 
crease of the total leucocyte count MM present we cannot dis- 
tinguish the blood from that of lymphatic leukemia, and the 
distinction must depend u]iou the course and symptoms of the 

1. Such a condition (relative to the adult) occurs in healthy 
iiif'tut's Hood and in many diseases of infaucy, the blood seem- 
ing to have a tendency to return to the infantile type. Any- 
thing that retards the infant's normal gain in weight or general 
dc\ i ■lnjuii' 'til iriaids its blood development as well. Thus a 
child of three, convalescent from a summer diarrhoea, may have 
fifty h) liztj pel cent of young leucocytes which would t>e normal 
for an infant of a few weeks, 1. lit fur three years old is very high. 

'2. fl fc fcrfi and kandtiarjf typkQu are perhaps the best known 
causes of relative lymphocytosis in children. StWVg may pro- 
dui-e the same result. Dividing the anaemias of children into 
two gTOttps, thoee that do and those that do not produce leu- 
cocytosis, it appears that the great majority of those whose 
total leucocyte count is normal show a relative lymphocytosis. 
This is the mm irrespective of whether there is enlargement of 
the iphoa or not. 

Sometimes tie- smaller, sometimes the larger lymphocytes 
»re iii the majority. Often no division between the two kinds 
U possible. 

' Thu lymphocytosis of chlorosis has been 
lenkwmU 0NfcnUMr] owineM ta»«tttiniw nM 
blood L-xumiiialioii. Bu pttilBt recovered. 
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3. In adults some forms of debility may be associated with 
relative lymphocytosis as above noted (page 82) . It is most 
marked, however, in chlorosis, pernicious ancemia, and the anae- 
mia secondary to syphilis, in the later weeks of typhoid fever 
and in lactation. 

4. Certain cases of Chaves' disease show marked lymphocy- 
tosis. How such cases differ from those that do not show it I 
have not been able to determine. 

5. It occurs also in hemophilia, goitr;, in some cases of 
cervical adenitis, whether tubercular or lymphomatous, and in 
tumors of the spleen. 

6. During the administration of thyroid extract a lymphocy- 
tosis has been recently noted by Perry (New York Medical Bec- 
Record, August 29th, 1896). 

7. The larger forms of lymphocytes are increased in some 
splenic tumors (chronic " ague cake"), at the end of scarlet fever, 
in pneumonia with delayed resolution (some cases), in measles, 
certain forms of phthisis and in the non-suppurative stages of 
small-pox ; also in many of the same diseases in which the small 
lymphocytes are increased. 

8. So far I have referred chiefly to relative lymphocytosis. 
Absolute lymphocytosis is very rare outside of lymphatic leu- 
kaemia. One case occurred at the Massachusetts General Hos- 
pital in 1894 — a child of six, who passed through an attack of 
bronchopneumonia with uneventful recover}, the only pecu- 
liarity of the case being the marked increase of white cells run- 
ning up to 94,600, sixty-nine per cent of which were lymplvocytes. 
During convalescence the blood became normal and the child 
left the hospital well in all respects. The case will be referred 
to later in the account of the blood of pneumonia. 

Diagnostic Value of Lymphocytosis. 

1. I have already suggested that the degree of health in 
persons not organically diseased might perhaps prove to vary 
directly with the percentage of adult cells in the blood. 

2. In children the same percentage is to a certain extent a 
measure of the child's degree of development— causes of leu- 
cocytosis being excluded, and the percentage normal for a child 
of the patient's age being taken as the standard. 
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3. Tlie diagnosis of obscure syphilitic disease may be sup- 
poctod bj the. coincidence of lymphocytosis with eiisiiiophilia. 

4. Absolute lymphocytosis in the presence of glandular 
tumors is our mainstay in the diagnosis i>f lymphatic ietikieinia. 

EoHtNOPHlUA. 

Definition. — An increase in the percentage of eosinophils in 
the circulatory blood, with or without an increase in the total 
leucocyte count. 

The researches of Neusser, Zappert, Weiss, Klein, and others 
have brought the eosinophilic cells once more into the promi- 
nence which they hist when it became apparent that tbey were 
in no way peculiar to leuktemia. 

1. Leukaemia is occasionally associated with eosinophilia 
(see below, page 14ti), but in the majority of cases this is not so. 
As in nonnal blood, from one to three i>er cent of them are to 
be found. 

2. In infancy the percentage of eosinophils is very often 
higher than iu adults, so that in them eosinophilia may be con- 
sidered physiological. In adults its presence is often unex- 
plained. The eosiuophiles are the most seemingly capricious 
of all blood cells. A certain amount of light has been thrown 
on thus by the ol we nations of Neusser and his pupils (Weiss, 
Schreiber, Klein, ami others). 

3. Neusser noticed that eosinophilia occurs — 

(A) In many affections of the bones (sarcoma, leukcemia, 
<>-t>" Hiiulucia). 

i !'■> In nmuy affections of the skin (pemphlgoa, pellagra, and 
others i. 

((') In troubles involving the female genitals, especially the 
ovaries. 

(D) In disturbances of the sympathetic nervous system. 

That there is some relation between these seemingly uncon- 
nected sets of phenomena is shown by various p&tcr facts besides 
III.- presence •<( eosinophilia in them all, 

(«) Bonn ;uiil gtBJttUs. 

Osteomalacia is most apt In occur in pregnancy and is cured 

in some mam 1>> eaafaattoa. 

(ft) Genitals ami si m pathetic iMKfUui system. 
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The presence of all sorts of psychoses and vasomotor troubles 
associated with menstruation, pregnancy, and the climacteric, 
and the so-called u reflex" disturbances in connection with uter- 
ine or ovarian disease, are well known. 

(c) The connection of the skin with both of the last-men- 
tioned systems is seen in the trophic disorders and sympathetic 
dermatoses of hysteria and ovarian disease. 

Working out the suggestions of this theory Neusser and his 
pupils have found relative eosinophilia in the following affec- 
tions: 

1. Bones. m 
Osteomalacia, malignant bone-tumors, pernicious anaemia 

(some cases), splenic-myelogeuous leukaemia (occasionally). 
[The writer has seen slight eosinophilia in osteomyelitis.] 
Possibly the relative eosinophilia of normal infants' blood may 
be connected with the great activity of their bone growth. 

2. Diseases affecting the skin. 

Urticaria, pellagra, dermatitis herpetiformis, and pemphigus 
(constantly) ; some varieties of herpes, prurigo, eczema, lympho- 
dermia perniciosa ; the exanthems of scarlet fever and syphilis 
(not measles or small-pox), psoriasis, ichthyosis, lupus, myx- 
cedema. 

3. Genitals. 

Gonorrhoea, prostatitis, many ovarian tumors, before and 
during the early days of menstruation, puerperal mania, and 
the psychoses of menstruation, of the puerperium, and of the 
climacteric; in sexual neurasthenia, after coitus, and in lacta- 
tion. 

4. Sympathetic Nervous System. — The psychoses last men- 
tioned, hysteria, Basedow's disease, and some of those given 
under the next heading. 

5. Besides these general groups, Neusser has noticed another 
class of cases characterized by eosinophilia, namely, those in 
which some member of the group of xanthin bases is supposed 
to be in the svstem. In the so-called uric-acid diathesis the 
nuclein derivatives are transformed in the intestine into one of 
the xanthin bases, and their presence in the system appears to 
give rise to eosinophilia. 

At any rate we regularly find eosinophilia (according to 
Neusser) in diseases thought to be characterized by an excess of 
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these substances in the system. Examples of this are found in 
gout, bronchial asthma, emphysema, certain forms of migraine 
and epilepsy, oxaluria, uraemia, tetanus, some gastro-intestinal 
troubles, ankylostomiasis, after injections of nuclein, pilocarpine, 
tuberculin, and in most non-malignant liver diseases. All these 
Neusser believes stimulate the sympathetic nervous system and 
hence the bone marrow, through the production of xanthin 
bases. In asthmatic patients he succeeded in producing a 
paroxysm by injecting nuclein subcutaneously. 

Possibly under this heading comes the eosinophilia after an- 
tipyrin, and that sometimes found in chlorosis, scurvy, chronic 
malaria, and phthisical patients with cavities. In the latter 
cases it has been suggested that the patients may inoculate 
themselves with tuberculin absorbed from their lung cavities. 

6. Tumors of the spleen are also accompanied by eosino- 
philia in some cases. Neusser does not explain this under the 
theory above sketched. 

Many acute mental troubles show eosinophilia, while chronic 
cases do not. 

Other causes of eosinophilia are phosphorus poisoning and 
injections of campherin. 

In Osier's clinic there has recently been observed and re- 
ported a case of trichinosis in which the eosinophilic cells were 
from the first increased, and continued to increase till at the 
time of death there was 64 per cent of eosinophiles in a leuco- 
cytosis of 25,000. 

We also find . eosinophilia in many forms of syphilis and 
syphilitic disease of the spinal cord (tabes dorsalis). 

Diminution in Eosinophiles. 

1. During digestion. 

2. After castration. 

3. In febrile stages of pneumonia, grippe, typhoid, diph- 
theria, sepsis, and most infectious diseases accompanied by leu- 
cocytosis. That this is not due simply to the presence of fever 
is shown by the fact that in malaria and scarlet fever, despite 
high fever, eosinophiles may be increased. 

In the post-critical stages of pneumonia and other infectious 
diseases the eosinophiles swing up above the normal. 
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4. Malignant disease, hemorrhage, and most of other causes 
of leucocytosis also diminish the eosinophils. 

Diagnostic and Prognostic Value of Eosinophilia. 

Neusser has suggested the following points : 

1. In the diagnosis between puerperal mania and puerperal 
sepsis, eosinophilia points to the former. 

2. Between a tumor connected with the genital system and 
one not so connected, eosinophilia points to the former. 

3. In determining whether a given case of hysteria, neurosis, 
or psychosis is likely to be benefited by castration, the presence 
of eosinophilia favors the operation. 

4. In malignant disease an eosinophilia points to a metas- 
tasis in the osseous system (tumors of the spleen are not in- 
cluded in this rule) . 

5. In cases of doubtful syphilis eosinophilia combined with 
lymphocytosis (see above) speaks in favor of syphilis. 

6. The diagnosis of any obscure form of " uric-acid diathesis" 
is helped by finding an increase of eosinophils. 

7. In distinguishing malignant liver disease from other liver 
disease eosinophilia points to the latter. 

1. In the prognosis of chlorosis, eosinophilia is favorable. 

2. In the prognosis of scarlet fever and scarlatinal nephritis 
the greater the eosinophilia the better the prognosis. 

3. After hemorrhage increased eosinophiles show active re- 
generation of blood and good prognosis. 

4. In pernicious anaemia eosinophilia is favorable for the 
same reason. 

MYELOCYTES. 

' The occurrence of the myelocyte of Ehrlich in the circulat- 
ing blood is always to be looked upon as pathological, that is, 
as the intrusion of a variety of leucocyte naturally a stranger to 
the circulating blood and a permanent inhabitant of the marrow. 
Although it is so close morphologically to other varieties of 
leucocytes that we should certainly suppose it to be an inter- 
mediate stage betweeu the large lymphocytes and the polymor- 
phonuclear neutrophiles, the fact that it does not occur outside 
the marrow in health speaks against the supposition. 
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Of the occurrence of tbe myelocyte in leukaemia and perni- 
cious antenna mention will be made under those diseases, The 
object of this section is to give a list of the other conditions 
under which it appears. 

Neusser' has found small percentages of myelocytes in urae- 
mia, carbonic-acid poisoning, diabetes, syphilis, puerperal 
mania, osteomalacia, Basedow's disease, and sarcoma, also dur- 
ing menstruation. 

Capps fouud considerable percentages near death in general 
paralysis (see Book II., page 272). 

J. J. Thomas found them in myxcedema. 

Tbe majority of other references to them in literature relate 
to different forms of grave anaemia. For example: 

(1) Hayem' speaks of cells apparently myelocytes (he did 
not use Ehrlii'li's methods) in cases of extreme amemia. 

(2) 1'. Krebs' found them in severe amemia. 

(3) Loos' describes them in the amemia of hereditary syphi- 
lis, and Rille' tinds them in the amemia of acquired syphilis. 

(4) Neusser' mentions their presence both in pernicious 
amemia and in chlorosis. 

(5) Hammerschlag' made a similar observation. 

(6) Engel " noted their presence in a ease of what he cau- 
tiously calls "pseudo-pernicious anwmia. " 

(7) Arnold ' mentions them. 

(8) Dein"givesa list of various diseases (besides leukaemia), 
in which they have beeu found, many of which are essentially 
anwmic conditions. 

(9) Holmes " has found them in phthisis. I can confirm 
this observation. 

I Cited in Klein: Volkmann's "Snniml. klin. Vortrf^iw," December. 

IS'Jil 

* "Da Swig," Paris. 1889, p. 888. 

■ Iiiauk. Dissert., IVrlin. 1602. 

* Wien. klin. W'oc-h.. 18M, p. 291. 

* Loc. eit, 1898. No. 9. 

■ Loccit., 1892. No. 43. 

' Ifertin klin. Woch . Ans-uet20th. 1894. 

* Vlrchow'a Areliiv. vol. cxxsv. 

* //«-. fitt., vol. CJtl. 

" Vnlkmaiin's "Snnimlunit klin VortrflKf, ■ December, 1888, 

II Htlf York Medical BtMCd, September 3th, 1800, 
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(10) The writer ' found them especially in the *n*Mni* secon- 
dary to malignant disease {see page 305). 

Beside these conditions the writer has found them in 



Barns (large surface) 2 

Osteomyelitis. 2 

Malaria, with ansemia. 1 

Cystitis and chronic starvation, 1 

Septicaemia, 3 

Bone tuberculosis, 1 

Rickets, 1 

Hodgkin's disease, 2 

Addison's disease 1 

The most curious example of their occurrence known to me 
is the following : 

Mrs. W had been starving herself more or less for six 

months from motives of economv. Two weeks before I first 
saw her she began to suffer with cystitis. From both these 
troubles she made a rapid recovery, which has persisted now 
eighteen months. There was at the first count a leucocytosis of 
15,100: partly due to cyanosis, as she had just been having a 
chill. The red cells were 7,300,000. Haemoglobin, eighty -seven 
per cent. Differential counts were as follows : 



Itet* Max 2d Mat 6th Mar 7th May 8th May 18th 

Number of celk counted. tttt. 1 .«.<*'. 40u. **♦. l.uno. 

Percent. Percent. Percent. Per oent. Per cent. 



-Polvnuclearneutrophiles". .. W2.7 *2.2 83.6 80.2 68.5 

Lviijphocvtes. 8.6 12.5 ' 9.4 11.3 25.2 

Larjre mononuclear 8.2 1.5 2.0 , 6 5.2 

Mvelocvtes 5 3.5 4.0 2.5 , .6 

Eosinophiles .3 1.0 .0 .5 



What caused the presence of myelocytes I do not know. At 
that time I had never seen them in any curable disease and was 
alarmed by their appearing, but this case proves that they are 
not always of any importance. 

In a general way their presence seems to have about the same 
significance as that of normoblasts. 

1 Boston Medical and Surgical Journal, loc. cit. 



CHAPTER IX. 

GENERAL PATHOLOGY OF THE BLOOD AS REGARDS HAEMO- 
GLOBIN, FIBRIN. L1PJEMIA, MELANiEMIA AND 

HEMORRHAGE. 

HEMOGLOBIN. 

As stilted above, the hemoglobin may increase and diminish 
in lines parallel to those of the red cells. In that case we suj>- 
pose the amount of hemoglobin j>er corpuscle to he normal and 
the color index or valetir ylobulaire is said to = 1. Where the 
hemoglobin is diminished more than the count of corpuscles, we 
say that the color index is less than 1. For example, if a man 
has 5,000,000 red cells i>er cubic millimetre and only 50 per cent 
of hemoglobin, we estimate the color index by simply reducing 
the count of cells to a stated j>ercentage (5,000,000 cells = 100 
per cent of cells) and dividing this ]>ercentage into the hemo- 
globin percentage — /.«*., ,Vo = 0.5 = tho color index. There- 
fore 4,000,000 red cells (=80 i>er cent) with (>0 per cent of 
hemoglobin give a color index of j;| = 0.75. 

The color index never goes alxive 1, except in i>ernicious 
anemia (see l>elo\v). As a rule when the red cells are above the 
normal the hemoglobin rises equally, sometimes it lags l>ehind 
a little, but rarely if ever does it rise higher than the cells. 

In most anemias, as has been pointed out, the hemoglobin 
suffers markedly liefnro any considerable loss of red cells takes 
place. In oilier words, the corpuscles get thin before 1 they die, 
and except in malaria, hemorrhage, etc., and in a few other 
cases they are not destroyed while in the full vigor of health. 

The loss of hemoglobin is loss of albumin, the chief constit- 
uent of the cells, and hence is usually loss of weight. 

In general the changes in the hemoglobin are l>est studied in 
connection with changes in the count of red cells, and so far as 
thev have not alreadv l>ceu mentioned will come in under the 
various sj>ecial diseases. 
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Fibrin. 

The fibrin network to be seen in normal blood during coagu- 
lation (see page 41) is increased in a considerable number of 
conditions. Havem has studied these minutely, and described 
several varieties of arrangement of fibrin fibres as characteristic 
of special diseases, that is, he studied fibrin qualitatively as 
well as quantitatively, and also as regards the rapidity of its 
formation. 

The rate of fibrin formation is often not the same as the rate 
of coagulation. It is not parallel to the number of leucocytes or 
blood plates, at least not in all cases (malignant diseases, 
scurvy). 

In a general way w r e expect increased fibrin in infectious and 
inflammatory diseases, but there are notable exceptions to this. 
The greater the exudation and the freer it is (in a cavity or 
on the surface) the thicker the fibrin network, while so-called 
interstitial inflammations or such conditions as parenchyma- 
tous nephritis show little increase in fibrin. The seat of the 
lesions has no considerable influence, except as it modifies the 
nature of the lesion. An abscess in one place has the same 
effect as an abscess elsewhere, provided it is equally free or 
equally confined, and of the same contents. 

Tuberculosis does not increase fibrin if uncomplicated. 
Leucocytosis and fibrin behave alike in many respects, espe- 
cially in relation to the vigor of resistance which the individual 
opposes to a given infection. When the individual is so weak- 
ened that he does not react well against the infection, the leu- 
cocytes and fibrin are but slightly increased, whereas in a vigor- 
ous individual the same infection would have markedly increased 
both fibrin and leucocytes. But neoplasms raise the count of 
leucocytes without changing the amount of fibrin. 

In a general w r ay fibrin increases and decreases as fever does, 
but often persists after fever is gone. 

The most marked fibrin networks are seen in pneumonia, 
acute articular rheumatism, suppurative diseases, and in scurvy. 
In erysipelas it follows the leucocytes (increased in severe, 
not in mild cases). In the early days of gripjx) it is increased. 

The fever of hysteria or chlorosis shows no increase of fibrin 
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and post- hemorrhagic antenna with or without fever shows 

Fibrin is diminished iii pernicious anemia, not increased in 
leukaemia, typhoid, malaria, malignant disease, uon-suppurative 
diseases of liver, nephritis (except interstitial nephritis, where 
it may be increased), heart, disease, purpura, hemoglobinuria 
(sometimes decreased). 

The most valuable ]>oint about the fibrin apjiears to be the 
absence of any increase in malignant disease, whereby a diag- 
nosis between the affection and a suppuration may be helped. 
Otherwise the information given by it is chiefly confirmatory of 
impressions given by other features in bhxxl examination. 



Lip.emja. 

The blood invariably contains small quantities of fat, espe- 
cially during digestion (v. Jaksch '). 

In the blood of persons suffering from a variety of diseases 
such as phthisis, dial)etes mellitus. o bo att y, alcoholism, ne- 
phritis, and in some dyspmeic conditions, as well as in health, 
fat is occasionally to be seen in considerable quantities. Gra- 
witz' finds that if the blood is collected iu a fine capillary 
tube and this is kept in a horizontal position for some time, fat 
rises to the surface like cream, and can be seen with an oil im- 
mersion lens in the form of fine drops. Guiiiprncht ' demon- 
strated it with osmic acid, which stains the fat drops blnck, 
and proved them to lie fat by dissolving them in ether, xylol, 
etc. 

LipaMiiia has no special significance so far as is known, and 
is uot characteristic of the diseases above mentioned. Its cause 
is 11 ii known. 

[In almost any preparation of the fresh blood fat drops are 
to be seen iitiIi'hs tin- pitUttffl skin is washed with alcohol be- 
fore puncturing. Eveu with these precaution* | few drojis 
may often be seen in healthy people's blood.] 

1 "lain. Diagncetik," p. 75 (Euglish translation) . 

■ Voe. cit., p. 160. 

■ Deut. med. Woch. , 1804. No. 89, 
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Melahxmia. 

In malaria the occurrence of a black pigment in the leu- 
cocytes which have taken plasmodia into themselves, is gener- 
ally to be seen during and shortly after a paroxysm. Pigment 
free in the blood is only to be seen at the moment of seg- 
mentation among the new generation of parasites. The same 
condition has been observed in relapsing fever and in persons 
suffering from melanotic malignant tumors, the pigment being 
always in the white corpuscles. Presumably it must at some 
time be free in the plasma, but it is rarely if ever seen outside 
the cells. 

In Addison's disease Tschirkoff * observed pigment in the 
leucocytes. 

Hemorrhage. 

Women can stand a greater hemorrhage and yet live than 
men can. Children, on the other hand, succumb to compara- 
tively slight hemorrhages (cf. Blood in Infancy, page 335). In- 
dividual differences make a great difference in the ability to 
survive hemorrhage, and no exact amount of blood can be 
stated as the maximum that any one can lose and yet survive. 

Changes in the Blood Bemlting from Hemorrhage. 

The red cells and haemoglobin of course suffer proportionally 
at first; later the haemoglobin in the newly formed cells is 
always deficient (see below). 

The striking point in the blood after hemorrhage is the evi- 
dence it gives us that even before the hemorrhage has ceased the 
other tissues begin to contribute fluid to make up the volume 
upon which life depends. The serum is markedly diluted by 
this fluid, but still serves to give the heart something to contract 
on and so prevents blood pressure from falling as fast as it 
otherwise would do. Were it not for such contributions from 
neighboring tissues the organism could sustain but slight 
hemorrhage without succumbing at once. We have then after 
hemorrhage a diluted or hydrsemic blood, even though we do 

1 Zeit f. klin. Med., vol. xix., 1891. 
8 
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npt assist the efforts of nature by contributing fluid by intra- 
venous or rectal injection. Bekier reports a case due to trauma 
in which the count was only 688,000 per cubic millimetre. 

Coagulation increases in rapidity the more blood is lost, so 
that after severe hemorrhage it takes place almost instantly. 

Blood Regeneration. 

The regeneration of the blood after hemorrhage may be taken 
as typical of the same process in ansBmia from other causes. 

The length of time needed for full restoration to normal 
depends not merely on the (a) amount of blood lost, but also on 
the (6) age and nutrition of the patient as well as upon (c) the 
methods of treatment carried out and the existence of (d) other 
disease (typhoid, malignant disease, phthisis, etc.). 

Allowing for these other conditions we may say that, other 
things being favorable, the loss of 

I. Less than 1 per cent of the blood mass is made up in 2 to 5 days. 
II. From lto3 a a " a u 5 u H tt 

III. u 3 tt 4 " u u u a 14 a 30 tt 

The last amount means a very severe hemorrhage. Few 
surgical operations involve the loss of over three per cent, and 
after such accordingly we expect the blood to be normal again 
in two weeks, provided the individual is otherwise sound (see 
Malignant Disease, page 290) . 

Young, well-nourished persons are of course quicker in mak- 
ing up losses than the old and weak. 

Blood Co)icHtion During Regeneration . 

1. Red Cells. — (A) As previously mentioned, the haemoglo- 
bin becomes relatively low as soon as the regenerative process 
is well established, and as recoverj* progresses the red cells are 
almost always normal in numbers for some time before the stat- 
ure, weight, and color of the individual cells is what it should 
be. A color index of 0.50-0.60 is not unusual — in short, what 
some call a " chlorotic" condition of the blood. 

(B) Qualitative changes are those already described on page 
72, namely: (a) Deformities in size and shape with an average 
diminution in size; (6) polychromatophilic cells; and (c) nucle- 
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ated corpuscles. These latter are almost exclusively of the nor- 
moblast type, but an occasional megaloblast has been observed. 

Blood Crises. — Von Noorden was the first to notice that in 
some cases nucleated corpuscles are to be found in the circu- 
lation in great numbers for a few hours only, the blood examina- 
tion both before and after showing few or none at all. The 
name of " blood crisis" has been given to these sudden outpour- 
ings of nucleated red cells; they are to be observed during re- 
covery from various forms of anaemia. 

2. White Cells. — Immediately after a loss of blood we can 
usually find a decided leucocytosis despite the dilution of the 
blood (see above, Post-hemorrhagic Leucocytosis). 

This leucocytosis is in no way different from those occurring 
from other causes. The percentage of adult cells is increased 
as usual, and the eosinophils often disappear. The leucocy- 
tosis is rarely very high, seldom reaching over 30,000. It is 
not invariably present, or if present sometimes is of very short 
duration. Thus in a patient whose red cells were reduced to 
3,200,000 by a profuse uterine hemorrhage the white cells 
counted next day were only 8,000 ; while in the next ward of the 
hospital was a man crushed in a railroad accident whose red 
cells were 1,280,000, and the white cells 28,000, the usual state 
of things. 

The leucocytes may be increased even by a cerebral hemor- 
rhage which is not large enough considerably to affect the red 
cells in most cases. Two apoplectic cases (with autopsy) ob- 
served at the Massachusetts Hospital showed: 

1. Eed cells 5,512,000, white cells 25,000, Hb. 85 per cent. 

2. Bed cells 5,560,000, white cells 15,600, Hb. 90 per cent. 
Whether the leucocytes are here affected by any influence 

other than that of hemorrhage I do not know. 

The effect of transfusion (intravenous saline solution) is ap- 
parently at first to increase the leucocytosis. 

D , a patient with traumatic rupture of the urethra, had 

had severe hemorrhage for forty-eight hours before it was 
checked at 1 p.m., November 1st, 1895. At 4 p.m., his pulse 
being 165, the count showed: red cells, 3,304,000; white cells, 
10,400. He was at once given a pint of sterilized normal salt 
solution by intravenous injection under the strictest asepsis. 
Ten minutes after the transfusion the leucocytes numbered 
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89^00. Oho hour later they were 24,700, and the red cells 
8,639,000. Four hours later leucocytes, 31,900; red cells, 
3,04*1,000. The later counts were as follows: 

Bed cella. Wblto odUl 

tfcmmb« 2d : good pulse 8.008,01X1 34,800 

■ 3d (5 p.m.): good pulse. 8.OH.OO0 80,200 

8d (4r.M.): Koodpulse 2,036.000 15,800 

13th 8,360.000 lfl.000 

A good recovery was made. 



Importance for Surgery of Blood Counting After 
Hemorrhage. 

Mikulicz, who as a surgeon should speak with authority and 
who always takes account of the condition of the blood in his 
coses, lays down (following Laker) the following rule: Never 
operate on any ease when the htnnoylobiii is bclmo thirty per vent. 
The question of operating at once or waiting for recovery from 
"hlnxk." is a very common one in the accident rooms of any 
Ims.pit ;il and is generally settled on general impressions of the 
patient's vigor. We know, say, that he has lost blood, but we 
have no way of ascertaining how much. If his "shock" is due 
in hemorrhage ho may need transfusion; if it is due to cerebral 
concussion or compression, the transfusion will do more harm 
than good The blood count can settle these questions, and 
rniild mtm] much which is now obscure, if it were more fre- 
qurntly employed in surgical cases and a standard like that of 
Mikulicz worked out. 

In coses of suspected ruptured tube in extra-uterine preg- 
nancy, the question of whether the patient is suffering from in- 
ternal concealed hemorrhage can bo settled in many cases by 
the blood count, which will show a decided loss of red cells if 
the hemorrhage is large, and thereby distinguish the condition 
from peritonitis, obstruction, or strangulated hernia, none of 
which affects the red cells. Any other concealed hemorrhage, as 
for instance from ruptured kidney or spleen or liver, may be 
indicated by the blood count when by other physical signs the 
diagnosis might Ik- very difficult. 
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Summary. 

The blood count is of importance after cases of supposed 
hemorrhage. 

1. To ascertain whether such has taken place. 

2. Its extent. 

3. Whether operation is to be immediate or not. 

4. Whether transfusion is indicated. 

5. How soon the patient has got back enough blood to make 
operation worth while. 

Chronic Hemorrhage. 

Piles, uterine disease, haemophilia, purpura, and other causes 
may produce a long-standing drain on the blood. 

Some patients apparently can lose a little blood almost daily 
for years without acquiring any severe anaemia, and if the indi- 
vidual is otherwise sound and does not suffer from an underly- 
ing disease like phthisis, cancer, or nephritis, he can probably 
go on for a long time without showing any bad effects from the 
repeated small hemorrhages. How much he can stand we have 
no way of judging, for we cannot measure the amount of blood 
lost. When, however, such small repeated losses do produce an 
anaemia, regeneration is apt to be much slower than after a 
single large hemorrhage. The longer the drain has been going 
on the poorer the chance for recovery, and the slower the latter 
will be if it does take place. 

Gain in body weight does not always mean gain in corpuscle 
substance as well (see Malignant Disease, page 290) . 
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SPECIAL PATHOLOGY OF THE BLOOD. 



PART I. 



DISEASES OF THE BLOOD. 



CHAPTER I. 

THE PRIMARY ANEMIAS. 
1. THE BLOOD IN PERNICIOUS ANAEMIA 

The definition of the disease has been sufficiently explained 
before (see page 70) and we can proceed at once to the descrip- 
tion of the blood. 

1. Gross appearances. 

(a) The drop as it emerges from the puncture is often exces- 
sively pale and watery, but not more so than may occasionally 
be seen in secondary anseinia or chlorosis. Sometimes it is not 
nearly so pale as in other cases with equally low counts, a fact 
which may be due to the increased color index sometimes present 
(see below). In one case (color index 1.2) I have seen the 
blood as red as normal. 

Another appearance, which I have frequently observed in 
this and other anaemias, is an uneven, streaked color in the 
drop, as if the cells were unequally divided in the plasma. 

(6) As striking as the color of the drop is its great fluidity; 
the rapidity with which it slips off the oar or finger often makes 
it difficult to suck it up in time. It is usually very slow in 
coagulating. 

2. The fresh specimen in most cases shows no rouleaux forma- 
tion, a diminution in blood plates and fibrin, and usually great 
variations in the size and shape of the corpuscles. Not infre- 
quently the deformed corpuscle shows active psoudo-ainmboid 
motions of its projecting points or of the cell as a whole. The 
great lack both of red and white cells is noticeable even in the 
slide and cover-glass specimen. 
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Bed Crlis and Retmogtdbin, 

(a) Quantitative changes (see Table I.). The average count of 
red cells iu the fifty-two oases of niy table is about 1,200,000, 
which may be taken as the average couut in patients seen at the 
stage of the disease at which they feel sick enough to seek medi- 
cal advice. We very rarely get an opportunity to examine the 
blood iu the early stages of the disease, so that we have to judge 
of them chiefly from the evidence given during the remission so 
commonly observed. Iu the relapse following such a remission 
the blood count may fall from 5,000,000 to 1,000,000 in a period 
of from six weeka to sis months. In the later stages of the dis- 
ease 000,000 red cells per cubit) millimetre is not rare, and if the 
diminution luis been gradual, the patient may be up and about 
and able to do light work with a count no greater than this. I 
had an opportunity to observe such a case in the wards of Dr. 
F. C. Shattuck at the Massachusetts General Hospital five 
years ago, where for several weeks the blood count remained at 
or near 500,000, yet the patient was outdoors daily, read the 
papers, and seemed perfectly comfortable. 

The lowest count on record is that reported by Quincke— 
143,000 par cubic millimetre. 
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TABLE I.— (Continued). 





(a) First Count. 


(6) Highest Count. 


(c) Lowest Count. 


Total 
















number of 






Per cent 




Percent 




Per cent 


exam- 


3 


Red cells. 


haemo- 


Red cells. 


haemo- 


Red cells. 


haemo- 


inations. 


55 




globin. 




globin. 




globin. 




18 


1,118,000 


18 


2,820,000 


? 


1,088,000 


? 


8 


19 


1,126,000 


? 


1,126,000 


? 


1,100,000 


? 


2 


20 


1,187,000 


20 


1,137,000 


20 


550,000 


15 


4 


21 


1,140,000 


20 


1,140,000 


20 


622,160 


25 


8 


22 


1.150,000 


9 

• 


2,802,000 


■ • • • 


1,150,000 


• • • • 


16 


23 


1,150,000 


80 




• • • • 




• • • • 


1 


24 


1,176,000 


29 




• • • • 




• • • • 


1 


25 


1,200,000 


15 




• • • • 




• • • • 


1 


26 


1,226,284 


25 


4,450,000 


65 


762,000 


? 


12 


27 


1,270,000 


16 


2,700,000 


30 




• • • • 


2 


28 


1,288,000 


? 


1,910,000 


? 


1,288,000 


• ■ • • 


3 


29 


1.289,000 


32 


1,628,000 


34 


1,121,000 


34 


5 


80 


1,300,000 


28 


1,300,000 


28 


970,000 


80 


2 


31 


1,336,000 


28 


1,336,000 


28 


956,000 


20 


8 


82 


1,344,000 


28 


1,344,000 


23 


758,000 


17 


3 


83 


1,493,000 


32 


1,500,000 


? 




• « • • 


2 


84 


1,498,000 


20-30 




• • • • 




• • • • 


1 


85 


1,500,000 


35 


3,700,000 


53 


1,460,000 


30 


8 


86 


1,582,000 


20 


4,760,000 


52 


1,624,000 


30 


12 


37 


1,583,000 


20 


1,768,000 


40 


1,500,000 


20 


4 


88 


1,600,000 


25 


4,032,000 


80 


1,288,000 


23 


10 


89 


1,627,000 
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1 


40 
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20 
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20 
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20 
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1,768,000 
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1,800,000 


2*8 


2,868,000 


41 


1,508,000 


31 


5 


43 


1,800,000 


25 




• ■ • ■ 




• • • • 


1 
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30 
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30 


1,7*68, 666 


22 
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34 












46 


1,872,000 


25 
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25 


1,144,000 
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• • • • 
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• • • ■ 
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1,984,000 


39 


1,984,000 


39 


598,000 


15 


8 


49 
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20 


2,000,000 


20 


1,200,000 


20 


2 


50 


2,080,000 


35 


5,056,000 


70 


1,632,000 


50(?) 


9 


51 


2,076,000 


15 


4.500,000 


45 


1,384,000 


10 


10 


52 


2,524.000 

Average = 

1.200,000 


26 
26 


2,524.000 


26 


1.2NO.000 


13 
Avera 


5 

220 

ge = 4+ 



The great but temporary improvements above alluded to, fol- 
lowed by relapse, occur either with or without treatment. In 
the course of a few months the count of red cells may rise to 
normal, the nucleated corpuscles (see below) disappear, and the 
patient is apparently restored to health. I have followed one 
case through five such relapses in a period of three years be- 
fore the fatal issue came. Frequently the patient feels so well 



ISO 



M'KiIAI. PATHOLOGY OF THE BLOOD. 



during one of these remissions that he goes to work and is lost 
sight of, and, under such conditions, the incautious are apt to 
re|>ort "cure." 

The aaoin/xiitying char/9 ' show the three types usually met 
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with; No, IL being, of course, only a fragment of No. I., while 
the steady progression of No. ITT. may have been preceded by 
a rise from a former downfall, though no such history was ob- 
tained. 

Looking over a considerable number of cases, ono can 
hardly help being struck with the tendency of the count to 
remain near the figure 1,000,000. Cases rarely remain sta- 
tionary at, say, 2,000,000, and often die without sinking l>e- 
lnw 1,000,000. It seems as if some self-ap] dying mechanism 
' The nuriil*'! uf perpendicular linos ti'jiri'sotits the number of weeks. 
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tended to arrest the destruction of corpuscles at or near this 
point (see Table I.). 



TABLE II. — White Cells— First Examination. 



No. 



1. 
2. 
8. 

4. 

5. 

6. 

7. 

8. 
'9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 



White Cells. 



400 
500 
800 
1,000 
1,000 
1,000 
1,500 
1,600 
1,800 
2,000 
2,000 
2,000 
2,000 
2,800 
2,800 
3,000 



No. 



17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
81 
32 



White Cells. 



8,200 
3,200 
3,500 
3,600 
3,704 
4,000 
4,000 
4,000 
4,000 
4,200 
4,500 
4,720 
4,828 
4,900 
5,200 
5,300 




88. 
84. 
35. 
36. 
87. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45, 
46. 



White Cells. 



5,600 
6,000 
6,000 
6,000 
6,400 
6,500 
7,000 
7.200 
7,500 
7,600 
9,000 
9,600 
10,000 
10,100 



Averago = 4,200-h 



In counting the red cells some difficulty and error may result 
from the very small size of some of the cells. It is especially 
important that the diluting solution should be clean and freshly 
made, else without the aid of a stain it may be hard to distin- 
guish the dwarf cells or microcytes from bits of extraneous sub- 
stance. 

Quantitative Changes. 

White corpuscles (see Table II.). — The rule is a very consid- 
erable diminution in the number of leucocytes. Thus of forty- 
six cases which I have examined thirty were under 5,000, the 
average of all being 4,200+. 

[I have excluded from this series counts made immediately 
after hemorrhages and counts in infants. The latter are very 
apt to show a leucocytosis in connection with any form of 
anaemia.] 

As the disease progresses the leucocytes fall even more 
rapidly than the red cells and counts as low as 500 white cells 
per cubic millimetre are not uncommon. 

Leucocytosis when present in the blood of adult cases is al- 
ways due to some complication like hemorrhage or suppura- 
tion. 
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As mentioned above, the blood plates and fibrin are much 
tli mi Dished. 

In four cases in which Dr. Lindstriiin, of Boston, was kind 
enough to give massage, we were unable to see the slightest 
gain either in corpuscles or haemoglobin, such as can be pro- 
duced temporarily iti must healthy persons. The observations 
of J. Mitchell ou this point we were unable to confirm. 

BmmogkN*. 

A certain number of cases of pernicious anaemia have a rela- 
tiv.h high percentage of luenioglobin (e-y-, 1,000,000 red cells 
and 35 jier cent of hemoglobin, or a color index of 1.75). In 
mq mum this is not so, and in others we cauimt UA\ 
whether it is so or not, owing to the unreliability of the v. 
Fleischl instrument when used, for very low hemoglobin per- 
BNugn, 

Of the 34 cases in the series on page 118, in which the hemo- 
globin was tested, a color index of overl was apparently present 
in 13, or 38 per cent, and a color index of less than 1 in 21 or 02 
l>er not, of the, cases. How mauy of these hemoglobin esti- 
mations may have beeu wrong I cannot M] . 

Frniii the frequency with which we rind the corpuscles larger 
than norma] in pernicious auemia (see below), we should 
expect that the hemoglobiu icouhl lie relatively high, and in 
a larger jwrcentage of cases than the v. FleiBchl instrument 

indicated. 

An increased color index is probably a bad prognostic sign. 
In the nmisHkihs of the disease when the cells are increasing 
fast, the hemoglobin lugs behind and the color index is fait'. 
As |he mUpse follows, the color index in many cases progres- 
sively increases. Cases irhour color tut/ex is tow and in which 
the average dimeter of the red cells is normal are apt to be 
gabttngai tiiat time, while those with high color index are apt to 
be losing at lliat time. 

The average Dolor index in the 39 cases in which the lurmo- 
glohin and red cells were lioth tested was 1.04, the average- 
percentage «>f hemoglobin being 2G nnd of corpuscles 24 
(= 1,200.000). 
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Qualitative Changes. 
1. Red Corpuscles. 

(a) Increase in the average diameter of the cells is a very 
constant and striking feature of the stained specimens in this 
disease. In no other disease do so large cells or so many of 
them occur. 

Out of twenty-eight cases in which I have looked for this 
point, twenty -one showed the increase, as far as could be judged 
without actually measuring any large number of cells. This 
does not mean that every cell is larger than normal, but that 
those larger than normal outnumber those undersized; the 
u macrocy tes" are more numerous than the "microcytes." Oc- 
casionally we see cells over 20 /* in diameter, some with nuclei, 
some without. 

(6) Deformities in Shape. — The eye soon gets used to the 
shapes assumed by the necrobiotic corpuscles and learns to dis- 
tinguish them from the distortions due to technique or to crena- 
tion. Most of them fall under one or another of the types shown 
in Plate IV. Litten has laid particular stress on the horseshoe 
forms, and thinks them peculiar to pernicious anaemia. The 
battledore and sausage-shai>ed forms are very common. In 
one case I found all the red cells of the latter shape, so that they 
looked at first sight like a lot of gigantic bacilli. That this ap- 
pearance was not due to the technique (as I had at first sup- 
posed) is probable from the fact that the rod-shaped cells did 
not point all in one direction as they would have done if pulled 
out of shape by the process of spreading. 

Occasionallv we see cases with no considerable deformities 
whatever in the red cells. In nine cases out of thirty in which 
this point was observed, little or no deformity was noted. I 
cannot make out that such cases have any better or worse prog- 
nosis than others. I have never seen cases whose red cells were 
all undersized, but a normal average diameter was present in 
somewhat over one-quarter of the cases in which I have looked 
out for this point. 

1 Some writers advise the use of less heat than usual in dealing with 
cover -glass specimens of pernicious anaemia. I have not found this so 
and heat as usual for fifteen minutes at 100° C. 
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(c) Staining Properties of the Red Cells.— The white spots o 
streaks described by Maragliano, Hayeni, and others are very 
often seen in the red cells of pernicious aneemia despite good 
technique. Some corpuscles are so pale in the centre that we 
see only the narrow ring of stained protoplasm at the periph- 
ery, a mere shell. Others are swollen up so as to show no sign 
of central biconcavity, and stain deeply and evenly all over. 

More common than in any other form of ana>mia are the 
pdjehxozutoplulie md corpuscles (see Plate IV.) which with 
the Ehrlich-Biondi mixture stain brownish, purple, or gray, 
either as a whole or in ]>arts. In the nucleated red cells the pro- 
toplasm is very apt to show this change, so that it is often diffi- 
cult to distinguish them from lymphocytes. In difficult cases 
we have sometimes to fall back upon the apiiearances of the 
edge or periphery, which in most red corpuscles shows some 
thin place or crinkle characteristic of a Jfat cell, while the lym- 
phocyte gives us the more solid-looking outline of the spkerical 
cell. 

All these microchemical changes can be 1 letter brought out 
with hiBmatoxylou-eosin or eosin-metliyl-blue stains, but all 
that is needed fur clinicid pur|Kwes cau be made out with the 
ordinary Ehrlicli-Bimidi mixture. 

Nucleated ll:d CbfPUfi El ■-. 

Nothing further needs to be said in description of these forms 
(see above, pages 75-80). We have no exact method of estimating 
the number of nucleated cells either in relation to the whole num- 
ber of red cells or in a cubic millimetre. All we can do is to note 
the number seen in suvh an area of a cover-glass specimen as is 
covered while counting a given number of white cells, say 1,000. 
Knowing the ratio of red to white corpuscles, we can calculate 
from this number of nucleated red cells their approximate re- 
lation to the whole number of red cells. 

Thus if the ratio of white to red be 1:1000 (1,000,000 red 
and 1,000 white) and we have seen two nucleated red corpuscles 
while making a differential count of 1,000 white cells, the total 
number of red cells passed over must be approximately 1,000,- 
000 and the number of nucleated corpuscles about two in 1,000,- 
000 red cells or two in a cubic millimetre. Of course where 
lcucocytosis is present and the ratio is raised — say to 1 . 150 
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(10,000 white and 1,500,000 red) — finding two nucleated red 
cells while counting 1,000 white would mean that there were 
two nucleated cells in every 150,000 non-nucleated, or twenty 
in a cubic millimetre (or in 1,500,000 non-nucleated cells). 

Such calculations are inaccurate because we are never sure 
that the red cells and white cells are distributed in the dried speci- 
men exactly as they are in the blood. Part of the leucocytes 
may be accumulated at the edges of the cover-glass so that the 
ratio in the middle may be different from that in the circulating 
blood. 

Nevertheless we can get some idea of how plentiful the nu- 
cleated corpuscles are, and as their significance in prognosis 
depends far more on their kind than on their number, greater 
accuracy as to the latter is not at present important. For in- 
stances, two megaloblasts per cubic millimetre mean a worse 
prognosis than twenty normoblasts, provided there are no other 
kinds present in either case. It is the ratio of megaloblasts to 
normoblasts and not the absolute number of each, that is of im- 
portance. 

In all of the thirty -eight cases of pernicious anaemia in which 
I have examined the blood, the number of megaloblasts has ex- 
ceeded the number of normoblasts, and as the cases grew worse 
the megaloblasts grew relatively more numerous (often abso- 
lutely as well). 

The range of variation in the number of nucleated cells pres- 
ent has extended in my series from six per cubic millimetre to 
7,100 per cubic millimetre (see Tablfe III.). The calculation can 
be made by using the following formula. 

Let n = the number of white cells counted (by differential count). 
" m = " " nucleated red cells seen while counting these. 

u p= u " white cells per cubic millimetre (Thoma-Zeiss) . 

pX — = x = number of nucleated red cells per cubic millimetre. 
n 

The search for nucleated corpuscles in pernicious anremia 
is sometimes the most laborious undertaking in all blood ex- 
amination, but it is also one of the most important. We may 
search two or three hours before finding one nucleated cor- 
puscle, but on that corpuscle may hang the character of our 
prognosis. If it be a megaloblast and no other nucleated 

red corpuscles are seen, the prognosis is bad, and it is impor- 
9 
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tant that we should know it. This is particularly true when 
the case is seen during a remission, for under these conditions 
we might never suspect a case of pernicious anwmia but for the 
presence of megaloblasts. They are not always difficult to find; 
indeed, in one of my cases they were nearly as numerous as the 
white cells, but, as a rule, we do not get off with less than two 
hours' work. 

The following table (Table III.) shows the number of nucle- 
ated corpuscles per cubic millimetre in thirty of the cases ex- 
amined by the writer. 



TABLE I II. —Number of Nucleated Red Cells per Cubic Millimetre 

in Thirty Cases of Pernicious Anaemia. 



Case Number. 


Total nucleated 
red cells. 


Megaloblasts. 


Normoblast*. 


Microblasta. 


1 


7.100 

6,468 

854 

277 

240 

229 

208 

200 

117 

116 

114 

112 

96 

96 

92 

46 

45 

89 

35 

28 

2M 

28 

18 

14 

11 

11 

11 

9 

8 

3 


5. 300 i 
3,476 ! 
574 
277 
160 
123 
130 
134 
103 

80 

95 

96 

96 

84 

59 

26 

36 

33 

32 

26 

21 

28 

12 

14 

11 

10 
9 
6 
7 
2 


1,325 

924 

266 



K0 

106 

78 

66 

14 

36 

19 

16 



12 

33 

20 

9 

6 

3 
o 

7 



6 





1 
o 

3 
1 
1 


475 


2 


2,068 


I:::::::::::::::: 


14 



5 




6 




7 




8 




9 




10 




11 

12 

13 

14 

15 

1(5 




17 




18 




19 




20 




21 




22 




28 




24 




25 




26 




27 




28 




29 




80 









White Corpuscles. 

Qualitative Changes. — Unless the cover-glasses are spread 
unusually thick, it may take a long time to find enough leu- 



THE BLOOD IN PERNICIOUS ANJEMIA. 



12? 



oocytes for an accurate differential count, so great is the leuco- 
penia in many cases. It is worth while, therefore, to spread 
some cover-glasses more thickly than would be advisable if we 
had only the red cells to examine. Such preparations should 
be dried at once by artificial heat. 

Lymphocytosis is the chief feature (see Table IV.). 

Table IV.— Percentages of Leucocytes in Pernicious Anemia. 



Lymphocytes. 


Eosinophilic. 


Number of 


No. 


Per cent. 


No. 


Per cent. 


count. 


1 


79. 

71. 

61.6 

57.6 

57.2 | 

53.8 

51.5 

49.5 

47.9 

47.9 

45.9 

44.7 

43.7 ' 
42.2 | 
41. ; 

40.8 ' 

40.5 1 
38. | 
38. 

37.8 1 

35.7 1 
35.6 

35.6 ' 
34. 

33.1 
33. 
29.4 
27.2 

26.5 | 
24.2 | 
22. . 
21.2 ' 

19.8 j 
16. 


1 1 


9. 

6.2 

4.7 

4.6 

4.5 

4.4 

4.3 

4. 

4. 

3.7 

3.5 

3.4 

3.1 

2.8 

2.7 

2.6 

2. 

1.5 

1.5 

1.5 

1.5 

1.4 

1.2 

1.2 

.8 

.8 

.8 

.6 

.5 

? 



.0 

.0 

.0 


1 


2 


1 2 


1 


3 


3 

1 4 


2 


4 


2 


5 


| 5 


3 


6 


6 




7 


7 




8 


8 




9 


9 : 




10 


10 


2 


11 


11 




12 


12 




13 


13 




14 


14 




15 


1 15 




16 


1 16 




17 


17 




18 


18 




19 


19 


2 


20 


, 20 




21 


! 21 




22 


1 22 




23 


23 




24 


24 






25 




26 


26 




27 


27 




28 


28 




29 


29 




30 


30 

31 




31 




82 


32 




33 


33 




34 


34 











In 34 cases examined by myself the lymphocytes (large and 
small) averaged 45.9 per cent. About nine-tenths of these were 
small forms. As the fatal termination approaches, the percen- 
tage of lymphocytes rises. An extreme case of this change has 
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already been recorded oil page 90. Two other cases showed re- 
spectively "I and 7!) per coot of lymphocytes a few days before 
death. The adult cells suffer proportionately. 

Eosinophils are occasionally increased, St per cent being 
present in one of my cases, 6.G per cent in another. The aver- 
age of 49 examinations in my 34 cases is 2.7 per cent. 

Small percentages of myelocytes are the rule. They are 
pmonl in 21) of my 35 cases. The following table shows the 
percentage* : 



No. 


r ■ 


No. 




No. 






of mjelocyl**. 


uf mycl.TJ-i™. 


1 


B.3 


13 


2.0 


H 


0.6 




8.8 


14 


1.8 


38 


.0 




8. 




1.6 


27 


.8 


* 


6. 


10 


1.8 


88 


.•* 


8 


4.0 


17 


1. 


39 


.3 




4. 


18 


1. 


SO 


.3 


1 


8.S 


10 


1. 


31 


.0 


8 


8.4 


90 


1. 


32 


.0 




8.7 


31 


.8 


38 




10 


2.8 


38 


.8 


34 


.0 


II 


s.a 


33 


.a 


88 


.0 




8.3 


34 


.8 


Ave rage = 


3 per cent 



As has been explained above (page 105), the myelocyte is found 
in a great variety of affections, although very sparingly in most, 
but. so far as my observations go, its presence is more constant 
and the percentages run higher in pernicious amentia than in 
any other disease except leukaemia. I am speaking now of per- 
centages. With a leucopenia such as is usually present in per- 
nicious amentia, 2 per cent of myelocytes means absolutely a 
very small number per cubic millimetre. 

Taking 4,200 leucocytes per cubic millimetre as the average 
for pernicious amentia (see above page 121) 2 percent of mye- 
lin r/tM amounts to only 84 per cubic millimetre. In lea- 
ku-mia the absolute number of myelocytes is seldom under 50,- 
000 |>er cubic millimetre. 

Tho more important characteristics of the blood of pernicious 
amemia are as follows : 

1. Bed cells about 1,000,00$ per cubic millimetre. 
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3. Haemoglobin variable, sometimes increased relatively ( = 
high-color index). 

4. Deformities in size and shape of red cells in many cases. 

5. Increase in average diameter of red cells. 

6. Polychromatophilic red cells. 

7. Megaloblasts more numerous than varmobalste. 

8. Lymphocytosis. 

9. Small percentage of myelocytes. 

The items italicized are the most important and character- 
istic. 

Diagnostic Value. 

1. Pernicious ancemia and chlorosis may be indistinguishable 
without the examination of the blood. The pallor of the two 
diseases is not always different either in degree or in kind, and 
the symptoms and physical signs may be identical. 

The differential diagnosis is easily made by the blood. 
The red cells rarely reach as low as 2,000,000 in chlorosis and 
the number and degree of degenerative changes are less than in 
pernicious anaemia. Megaloblasts have been seen in chlorosis 
(Hammerschlag) but have never constituted a majority of the 
nucleated red cells present. In the great majority of cases the 
pallor and other signs and symptoms of chlorosis are due to 
lack of haemoglobin per corpuscle (for the corpuscles are not 
only pale but very small-sized), and not to a lack of corpuscles. 
The high-color index and large size of the scanty cells in per- 
nicious anaemia constrast strongly with this. 

The white cells are about the same in both diseases, though 
usually fewer in pernicious anaemia. Lymphocytosis is common 
to both diseases. Myelocytes are occasionallv found in chlor- 

V 4/ ft. 

osis, but much less commonly than in pernicious anaemia. 

2. Pernicious Anannia and the Anannia of Malignant Disease. 
— Not long ago I examined the blood of a gentleman who had 
gradually and without assignable cause acquired a " lemon-yel- 
low" pallor, without loss of flesh, vomiting, pain, or any localiz- 
ing sign or symptom. The diagnosis of pernicious anaemia had 
been made. To my great surprise I found over 4,000,000 red 
cells, with only thirty-eight per cent of haemoglobin, and 18,780 
white cells, eighty-six per cent of whicli were of the adult type. 
One normoblast was seen. Fibrin was not increased. The 
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snannia was evident l.v noronflflTy. and the autopsy ten months 
Inter showed cancer of the stomach. 

Malignant disease may bring down the count of red cells to 
1,000,000 or lower, but fa such 0CHM leucocytosis is always 
present. As will lie uwu in the chapter on malignant disease, 
leucocytosis is by no means invariable iu the anieiuia of cancer- 
ous growth, but in Unite cases which cause such an auaiaia as to 
resemble the counts of pernicious auiemia, leucocytosis is in- 
variable. This in itself is sufficient to exclude uncomplicated 
pernicious anrcmia. Where an actual increase in the whole 
number nf lriii'iiei trs is not fj-*si ut in (jki! iuii'tut dis.'jisi-, thorn 
is often an increased percentage of adult cells, contrasting 
strongly with the increased percentage of young cells in per- 
nicious ansemia. Normoblasts and not megaloblasts are the 
rule in malignant disease. If megaloblasts are present they are 
iu the minority, while in pernicious anreinia they are iu the 
majority. 

■i. Pii-'iu-inns Ami linn it ml * 4 Iter Sri-miilcry AiMBtnuu. — Almost 
all secondary aniemias which are severe enough to reduce the 
count of red cells below 2, 000, 000 follow the type of malignant 
disease and show leucocytosis. The great pallor and dyspnosa 
seen in connection with some uwiw uf titln-rciilosin and ii>flin'lix 
ruri'l.v DBMS a low count of red cells, but simply a loss of 
hemoglobin. I remember two cases in adjacent beds at the 
Massachusetts General Hospital, both with extreme yellow pal- 
lor without emaciation; one had 1,020,000 and the other 4,100,- 
000 red cells, the hemoglobin in each being about thirty per 
cent. The first was pernicious ■niiiiii. the second nephritis. 

Purpura, (> phoid, Lead poisoning, chronic malaria, and other 
diseases may reduce the red cells to a point as low as that seen 
in early stages of pernicious amenda and may not /» flOOOW y - 
nicd by ItucocytmU; but the absence of changes most charac- 
teristic of the latter disease (a majority of tuegaloblasts, in- 
creased diameter and color index in the red nil, i s-tv.'s to make, 
the diaguosis clear.' 

4. fi-riiiriiiint Aitiiiii'ui 'itul Ceukmnia, — Occasionally in iu- 

1 Anoftff i-'int nf di (Terence emphasized by Omwiu is that the plasma 
of pernicious Btiiomin has a relatively larger amount of solids Minn that ol 
iiinvniiamemndnry ti> the shove diseases. This is hardly a clinically »p. 
[■licahle test, out ia said lu be a valuable one. 
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fonts these two diseases seem to approach very near each other 
and are difficult to distinguish. In infancy, as is well known, 
any anaemia (primary or secondary) is apt to be accompanied by 
leucocytosis and an enlarged spleen. Further leukaemia, which 
in adults usually causes a relatively slight anaemia, affects the 
red cells much more strongly in infancy, and may reduce them 
to a number decidedly suggestive of pernicious anaemia. There- 
fore in both diseases we may have enlarged spleen, great anae- 
mia, and leucocytosis. 

The one characteristic point of leukaemic blood — the abun- 
dance of myelocytes — usually enables us to distinguish the two 
diseases, for although present in both diseases the myelocyte 
is much more plentiful in leukaemia. Unfortunately we have 
no way of fixing just how numerous myelocytes must be in 
order to constitute leukaemia. It is only in infancy and very 
rarely then that this difficulty arises, but at that period I am 
inclined to believe that we sometimes see conditions intermedi- 
ate between the two diseases, indicating the ultimate identity of 
the two. Their numerous clinical resemblances cannot here be 
discussed. (For further comment on this point see page 345.) 



Prognostic Value op the Blood in Pernicious Anemia. 

The prognosis is always very bad, but the following scheme 
indicates the presence of a severe or of a mild type: 



1. Severe (rapidly fatal). 

(a) Extreme progressive an- 
aemia, 
(ft) High-color index. 

(c) Increase in size of red cells. 

(d) Degenerative changes, 
(c) Numerous megaloblasts. 
(/) Few or no normoblasts. 
(g) Lymphocytosis. 



2. Less Severe (slower course). 

(a) Remissions. 

(ft) Normal or low-color index. 

(c) Normal-sized cells. 

(d) No degenerative change. 

(e) Numerous normoblasts. 
(/) Few megaloblasts. 

(g) Normal percentage of adult 
cells. 



It has been thought by some observers that the absence or 
great scantiness of nucleated corpuscles indicated lack of any 
effort at regeneration on the part of the blood-making functions 
and hence a peculiarly malignant type of the disease. I have 
never seen cases in which no nucleated corpuscles were present, 
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hut their scantiness baa seemed to me as a rale to be associated 
with a more uluidij fatal type of the disease. 

N» ffSflf*ffrff*f has seemed to me to attach to the presence 
of larger or smaller percentages of eosinophiles. 



.M-.nl 1. 1.. v.i 
UcualiT ib 



L'wullr Durnikl. . . . 



relative]; 

MUwuia- 

l"Mi) i.r llif- mi 



Alwajra relailielr 



H»y he 1,000.000 Ha? be ai 
1 1 y i - Usually o— 
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S. THE BLOOD IN CHLOROSIS. 

This has bean already ilescribed for the most part under the 
heading of Secondary Amemia. In many eases the two are in- 
lIllltimilllTnllUl hj the blood examination alone, the changes 
consisting simply in the presence of light, small-sized, pule, 
more or less deformed red cells whose numlier may or may not 
* decreased, according to the severity of the case. Leucocy- 
*is is rarely if ever present in uncomplicated chlorosis, but is 
often absent in secondary anemia. Normoblasts may be pres- 
ent in both. The chief points of distinction are: 

(a) The red cells are mora apt to be uniformly undersized 
and ander-rolnivil [n (dtlorasBSj while in secondary anaemia we 
mom often find uormal cells among the diseased ones. 

OOsOX index idiiv l>e lower in chlorosis than is com- 
mon in secondary anemia, and this lowering is more constant in 
chlorosis. 

<'■) Lymphoid toait, which is very common in chlorosis, U not 

■- urn in nooadstn »*—*"» 
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(d) Nucleated corpuscles are less common in chlorosis than 
in ansBmia secondary to malignant disease. 

(e) Coagulation is rapid, in contrast with the very slow clot- 
ting of pernicious anaemia and of many secondary anaemias. 
Yet fibrin is not increased. 

The Blood in Gross. 

The pallor of the drop is sometimes excessive, fully as great 
as in pernicious anaemia, and the liquid is very fluid and thin. 
Yet it coagulates very rapidly and our technique must be 
prompt. 

Bed Cells and Hemoglobin. 

Quantitative Changes. 

Hayem has recorded cases whose count was as low as 1,662,- 
000 and even 937,360 per cubic millimetre. Such figures are 
certainly rare in this country, and the striking fact is usually 
the slight numerical loss of red cells, considering the extreme 
pallor of the patients. 

The lowest count in the Massachusetts Hospital series was 
1,932,000, and in W. S. Thayer's sixty-three cases 1,953,000. 
The accompanying Table VI., from the Massachusetts Hospital 
records, shows the range of red cells and haemoglobin in seventy- 
seven cases as counted when the patients first came under ob- 
servation. The highest counts (7,100,000 and 5,884,000) are 
undoubtedly due to some temporary stasis or concentration of 
the blood. 

The average of the 77 cases, 4,050,000 red cells per cubic 
millimetre, is remarkable in so nearly coinciding with Thayer's ' 
series above referred to, the average of which is 4,096,544. 

The average haemoglobin percentage of this series, 41.2 per 
cent, is also very close to Thayer's (42.3 per cent). This gives 
us on the average a reduction of the corpuscle substance to one- 
half the normal, or to the equivalent of 2,250,000 healthy red 
cells ; 49 of the 77 cases have 4,000,000 or more red cells. These 
figures do not agree with those collected by v. Limbeck, in 
which only 99 out of 247 are over 4,000,000. But this prob- 

1 See Osier's article on Chlorosis in the * American Text-Book of Medi- 
cine, " vol. ii., 1894. 
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ably means simply that in this country the patients seek medical 
advice before their disease has advanced very far, while in Ger- 
many they wait longer before resorting to a hospital. For, as 
above explained, in all anaemias the individual corpuscles lose 
substance first and only after some time begin to decline in 
number. This is especially the case in chlorosis, although by 
no means peculiar to that disease. 

The color index is invariably low, as seen in the table, al- 
though it is rare to see it fall below .30. In only four cases of 
the present series did it go below that figure, the average being 
about .50. 



TABLE VI.— Chlorosis. 



No. 



1 
2 
8 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
28 
24 
25 
26 
27 
28 
29 
80 
81 
82 
88 
84 
&"> 
86 
87 



Red cells. 


Percent 
Haemoglobin. 


Color index. 


7,100,000 


50 


.85 


5,884,000 


68 


.58 


5,620,000 


58 


.51 


5,512,000 


51 


.46 


5,488,000 


45 


.41 


5, 480, 000 


50 


.46 


5,456,000 


60 


.55 


5, 448, 000 


58 


.53 


5,416,000 


50 


.46 


5,180.300 


35 


.34 


5,170,000 


37 


.36 


5,136,000 


50 


.49 


5, 096, 000 


58 


.56 


5, 080, 000 


50 


.50 


5, 040, 000 


78 


.78 


5, 030, 000 


58 


.58 


5, 000. 000 


35 


.35 


4,992.000 


82 


.82 


4,968,000 


40 


.40 


4, 960. 000 


55 


.56 


4,910,000 


50 


.51 


4,904,000 


65 


.61 


4,904.000 


40 


.40 


4,888,000 


38 


.38 


4,712,000 


51 


.54 


4,712,000 


56 


.59 


4,711.000 


42 


.42 


4,680,000 


48 


.52 


4,640.000 


60 


.64 


4,600 .000 


50 


.54 


4, . r )<iO. 000 


45 


.50 


4,520.000 


32 


.35 


4,448.000 


45 


.50 


4.416.000 


40 


.45 


4,3*0.000 


54 


.62 


4.312.000 


35 


.40 


4.250.000 


67 


.80 
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TABLE VI. —Chlorosis (Continued). 



No. 



38 

89 

40 

41 

42 

48 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

Average 



Red cells. 



4,216.000 
4,208,000 
4,170,000 
4, 160, 000 
4,128,000 
4, 104, 000 
4,096,000 
4,080,000 
4,072,000 
4,024,000 
4.016,000 
4,000,000 
3,986,000 
3, 985, 000 
3,944,000 
3,920,000 
3, 888, 000 
8,800,000 
3,800,000 
3,688,000 
3,688.000 
3,680,000 
3,648,000 
3,(548,000 
3,620,000 
3,512,000 
3,512,500 
3,504,000 
3.460,000 
3,320,000 
3,244.000 
3,200.000 
2,992,000 
2,992,000 
2,936.000 
2,584,000 
2,552,000 
2,472,000 
2.464,000 
1,932,000 



Per cent. 
Haemoglobin. 



4,050,000+ 



35 
32 
57 
25 

• • 

28 
30 
21 
52 
40 
44 
30 
61 
42 
30 
47 
37 
32 
40 
53 
48 
55 
37 
37 
20 
30 
26 
40 

• • 

84 

• • 

19 
34 
31 
26 
14 
19 
15 
18 
19 



Color index. 



.41 
.38 
.70 
.30 

• • 

.34 
.36 

(D.26 
.68 
.50 
.55 
.37 
.76 
.52 
.36 
.60 
.50 
.42 
.52 
.70 
.64 
.73 
.50 
.50 

(D.27 
.42 
.37 
.56 

.50 

(!).29 

.56 

.51 

44 

(0*38 
.38 
.31 
.37 
.50 



41 



.50 



The striking contrast is with pernicious anaemia, rather than 
with secondary ansemia. In the former the color index, us 
above mentioned, averaged 1.04 in 39 cases. In secondary 
ansemia it is almost always below 1, but does not average so low 
as in chlorosis, although in individual cases it may be very low. 
For example, Osterspey quotes a case of gastric cancer with 
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a bloo«l count of 4,230,000 red cells, and only 22 i>er cent of 
haemoglobin, a color index of .26. 

Red Cells (Continued). 
Qttult'tutice OhaOfftB, 
{«) The stained siieciuien allows a greater or less degree of 
pallor "f the oorpUBcle centra corres ponding no accurately to tbe 
diminution in haemoglobin that a practised olwerver can tell ap- 
proximately bow low it is simply from tbe stained specimen. 
The pallor, however, is to be taken in connection with the size of 
the cells, for tbe diminution in liicmoglobm is not due simply to 
a bleaching out of the cells, but to their loss of size. Heuce, 

(b) The tlimimitioii in the avtrctge diameter of the cells is a 
very important feature. Both in this respect and as regards the 
bleaching of individual cells, many cases contrast with most 
secondary anreniias, in that a large projiortion of the cells are 
affected alike, t'.e, are small and pale, while in secondary anas- 
mia there are apt to be well-stained and good-sized or over- 
sized cells in every field. These last occur also in chlorosis, but 
leas frequently as a rule. Hence the usually lower color index 
of chlorosis. In certain cases this distinction does not hold and 
tbe two conditions are identical in so far as the size and color of 
the red cells are concerned. It is to the white cells that wo must 
look for help in differential diagnosis. 

(c) Deformities in size mid shape are very common in all ad- 
vanced cases, but often absent in mild or moderate ones. They 
present no special peculiarities except that niacroeytes are rela- 
tively rare and microcytes relatively common. In the severest 
cases, however, the macn n-y tes Iwgin to get more numerous and 
we approach the picture of pernicious amemia. 

(d) DtgtMntJM changes ( Mamgliano) are not common but 
are occasionally present in severe cases. 

iv) ffiicteated red oorf u tei I RH very scanty even in advanced 
cases. Hayein never saw any, but most observers find them in 
small numbers after long search. They are almost always of 
the normoblast type, but megaloblasts have also been found. 

Tim scantiness of nucleated red cells is a point of contrast with 
tin- anemia s.-r( mdni'y tn malignant disease, in which even in 
mildly amende states we readily find nucleated corpuscles, while 
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in chlorosis, even in severe cases, a long search may show very 
few or even none at all. 

Specific Gravity. 

Chlorosis is usually agreed to be one of the diseases in which 
specific gravity and haemoglobin run parallel, and as the inac- 
curacies and inconveniences of the v. Fleischl instrument are 
so great, it seems to the writer better to follow the specific 
gravity rather than the haemoglobin. The tables on page 31 
(Part I.) show how the inference from density to coloring matter 
can be made. A specific gravity of 1030 is not very rare. 



White Cells. 

A. Quantitative Clianges. 

Leucocytosis is absent in uncomplicated cases. In the series 
in Table VII. the occasional leucocytosis may be due to digestive 
or to a variety of other influences (uterine troubles, etc.), which 
could not be excluded. 

TABLE VII.— Leucocytes in Chlorosis. 



No. 

1.... 

2.... 

8.... 

4.... 

5.... 

6.... 

7.... 

8.... 

9.... 
10.... 
11.... 
12.... 
13... 
14.... 
15.... 
16.... 
17.... 
18.... 
19.... 
20. . . . 
21.... 
22.... 
28.... 
24.... 
25... . 
26... 



White corpuscles. 



15,000 

14,400 

12,800 

12,000 

12,000 

12,000 

11,600 

11,200 

11,100 

10,800 

10,800 

10,500 

10,400 

10,000 

10,000 

10,000 

10,000 

10,000 

9,600 

9,600 

9,600 

8,500 

8,000 

8,000 

8,000 

8,000 



No 

27.. 

28... 

29.. 

30.., 

81... 

32... 

38... 

34.., 

35.., 

36.. 

37.., 

38... 

39.. 

40.., 

41... 

42.. 

43... 

44.., 

45.. 

46.. 

47.., 

48.., 

49.. 

50.. 

51... 

52.. 



White corpuscles. 



8,000 
7,949 
7,900 
7,600 
7,600 
7,600 
7,600 
7,600 
7,440 
7,200 
7,200 
7,200 
7,000 
7,000 
7,000 
7,000 
7,000 
7,000 
6,850 
6,800 
6,800 
6,600 
6,600 
6,400 
6,400 
6,200 



No. 



• • ■ • 



53. 
54. 
55. 
56. 
57. 
58. 
59. 
60. 
61. 
62. 
63. 

64 

65 

66 

67 

68 

69 

70 

• vr...... 

71 

72 

73 

74 

75 

76 



White corpuscle 



6,100 
6,000 
6,000 
6,000 
5,600 
5.600 
5,600 
5,200 
5.200 
5,200 
5,000 
4,800 
4,800 
4,172 
4,000 
4.000 
4,000 
4,000 
8,600 
3,600 
3,400 
8,200 
2,800 
1,500 



Average = 7,485 
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The average in Thayer's sixty-three cases was 8,467; in the 
present series {see Table VII.) it is 7,485. 

As in pernicious an&mia, the worst cases are apt to have 
leukopenia, and as improvement progresses the white rise even 
faster than the red corpuscles. 

The absence of leucocytosis is the roost important point in 
distinguishing chlorosis from secondary aniemia due to cancer, 
suppuration, etc. 

B, Qualitative ('hamji-s. 

f.iii,i/<l<iii->il<*;* is usually present, as in pernicious amemia, 
wherever tlie disease is well marked, and sometimes even iu 
mild cases. Thus Rieder found in 12 cases an average of 33 
per cent of young cells, the highest percentages lieing 53.7, 43.5, 
and 41.7. Either the small or the large lymphocytes may pre- 
dominate. In my own experience it has usually l>een the small 
forms. 

The adult cells suffer proportionally, their low percentage 
contrasting often with that of secondary amemia associated 
with leukocytosis. Eosinophils are occasionally increased. In 
Rieder's 12 cases the average percentage was 3.5, the highest 
percentages being 9.fi and 7 per cent. 

Myelocytes are rave but have in'r.-isiiiiial] v been ulwULIUl] in 
small numbers. 

Btyem ration of the Blood. 

As the patients begin to mend under the influence of treat- 
ment, tin- blood ehABgBi vn just the reverse of those seen during 
the development of the disease. First the corpuscles gain in 
liurolmrs, the hreinoglobiu still remaining low; later and much 
more slowly the coloring matter, size, and weight of the cells are 
]>iii\uiI. It seems as if the new-formed cells were of light 
weight and had to grow np, or be replaced gradually by cells of 
normal stature. The nucleated corpuscles and deformities dis- 
appear and the leucocytes shoot up often a little above the 
normal. 

Shod Plates. 

I'sually considerably increased. 
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Summary. 

1. Blood as a whole : Very pale in marked cases, very fluid, 
but coagulates rapidly. Fibrin not increased. Specific gravity 
usually low, running parallel with the haemoglobin. 

2. Red cells : Average 4,000,000 when patient is first seen, 
very rarely go below 1,000,000. The majority of them are 
small-sized, pale, often deformed. Nucleated corpuscles are rare 
(normoblasts as a rule). 

3. White cells, not increased. 
Lymphocytosis, occasionally eosinophilia. 

4. Blood plates increased. 

Diagnostic Value. 

1. The points of difference from pernicious anaemia have 
been discussed. 

2. It is important to distinguish it from simple debility, 
and from cases whose skin only is anaemic; in both of these 
conditions the blood is normal. 

3. From secondary anaemia it may be indistinguishable in 
case the latter be without leucocytosis. Where leucocytosis is 
constantly present and the percentage of adult leucocytes is in- 
creased, chlorosis (uncomplicated) can be excluded. Of course 
many of the complications which may occur in chlorosis are 
accompanied by leucocytosis. 



CHAPTER H. 
LEU&EMU AND HODGKIN S DISEASE. 

The distinction between leukieinia and leucocj toeis has been 
sufficiently dwelt on above. 

The vast majority of cases fall clearly under one or the other 
of two distinct types, the spleuic-inyelogenmw on the one hand, 
awl the ly mpbatie 011 the other. Pure splenic and pure myelog- 
enous cases are so rare that they may practically be disre- 
garded. The lymphatic forms usually show some enlargement 
of the spleen (as well as the marked glandular swellings), but 
nothing like the enormous hypertrophy of the splenic-myelog- 
enous type. On the other haud, the lymph glands may be 
slightly enlarged in cases of the splenic-myelugenous type, but 
much less than in the lymphatic form. 

Corresponding to these two clinical types we have two very 
different blood conditions. Mixed forms occur where some 
characteristics of each tvpe are present, both clinically and in 
the- blood examination, but these are rare. 

Either form may be acute or chronic, although the lymphatic 
form is much more apt to be acute and the splenic-myelogenous 
type to pursue a slower course. Thus of the five cases of lym- 
phatic leukaemia seen by the writer three were acute, oue suba- 
cute (six months), and one chronic (over three years), while of 
twenty splenic-myelogennus eases all were chronic. 



1, Splenic-Myelogenoub Form. 

The drop as it emerges from the puncture looks perfectly 
natural in color and is neither whitish nor chocolate colored. 
It flows very sluggishly, however, and is difficult to spread be- 
tween cover-glasses owing to the masses of white cells con- 
tained in it. Coagulation is slow. 
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Red Cells. 

The diminution in red cells is moderate, averaging about 
3,120,000 in the thirty-four cases of Table VIII., A (here the 
five lymphatic cases are included). The patients are often not 
pale and may feel perfectly well. The haemoglobin is usually 
diminished, the color index apparently remaining about normal. 
It is difficult to read the v. Fleischl instrument in leukaemia as 
the presence of so many leucocytes gives a muddy tint to the 
liquid, not easy to compare with the red of the glass. 



Table VIII.— Leukjemia. 



1. 

2. 

8. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22 
23 
24. 
25. 
26. 
27. 
28. 
29. 
80. 
81. 
82 
33. 
84. 



A. 



No. 



Red cells, count. 



5,000,000 
4,877,000 
4,800,000 
4,288,000 
4,016,000 
3,760,000 
8,635,570 
3,605,000 
8,292,000 
8,200,000 
3,078,000 
3,010,000 
2,996,000 
2,938,000 
2,921,600 
2,868,000 
2,792,000 
2,738,000 
2,715,000 
2,576,000 
2,520,000 
2,322,222 
2,320,000 
2,256,000 
2,140,000 
2,112,000 
2,060,000 
2,016,000 
1,866,664 
1,420,000 
1,386,000 
1,358,000 
1,200,000 
408,000 



B. 



Average = 3,120,000+ 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
28. 
24. 
25. 
26. 
27. 
28. 
29. 
30. 
31. 



No. 



White cells, count. 



1,072,222 
980,000 
820,000 
800,000 
756,000 
748,000 
656,000 
626,600 
570,000 
500,000 
492,000 
454,000 
430,000 
428,000 
400,000 
894,000 
886,000 
840,000 
820,000 
290,000 
260,000 
220,500 
213,000 
188,000 
183,000 
170,000 
139,600 
138,000 
134,400 
132,000 
98,000 



Average = 438,000 
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Qualitative Changes. 

The strikiug point is tlie presence of very numerous nui 
ated red cells even in the absence of «hij mgn iff/mania, fl it h 
over 4, (XX), IKK) well-formed ami well-colored red cells, we may 
have hundreds of undented ODM in every cover-glass. They 
are as numerous in this form of leukteuiia as in the worst forms 
of pernicious auteinia, eveu though the patient may be feeling 
nearly well. 

Both normoblasts and megaloblasts may be seen, but in 
most cases the latter are much in the minority. Many of the 
normoblasts show fragmentation in their nuclei and occasionally 
true karvokinctic BgUM are to be seen. In the uusmio bum 
we find all the other changes in the red cells characteristic uf 
ameinia, but the nucleated cells are always more prominent than 
in any other form of timemia, of a Uke severity. This shows 
that nucleated corpuscles are not to bo thought of as evidence 
(like deformities in shape) of regenerative or degenerative 
conditions only. A special connection to the bone marrow is 
very clearly indicated, all the more so as in the lymphatic form 
of the disease in which the bone marrow is not affected, nu- 
cleated corpuscles are much lees numerous, appearing in small 
numbers even in the very amemic cases and not at all iu those 
who are not amumio. 

Other qualitative changes are not marked and correspond 
to the degree of amemia present; often there are none at all. 

As the count of the white cells rises, that of the red may fall 
wid nice versa / or the red cells may remain nt a comparatively 
high figure despite the progress of the white. 



White Cells. 
Qtimiti/iidcv Changes. 
The average number per cubic millimetre in the thirty cases 
of Table VTTI., B (the lymphatic cases being excluded) was 
438,000 at the time when the cases first came under observation. 
The highest count in this series is 1,072,222 and the lowest 
98,000. 

Cases are on record in which the white cells were actually 
more numerous than the red. The average ratio in my series is 
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about one white to seven red. The highest ratio is 1 : 2, and the 
lowest 1 : 37. It is best to use the " red counter" with a dilution 
of 1 : 200 in counting the white cells, otherwise they are often too 
crowded for convenience. The hsematokrit is useful in this dis- 
ease and in any condition where the white cells are much in- 
creased, not to supersede the Thoma-Zeiss or to give us the ab- 
solute number of cells, but for comparative observations as to 
the length of the column of white cells from day to day in a 
given case. 

In the fresh specimen we notice that a large proportion of 
the white cells are not amoeboid, a point of marked contrast 
with leucocytosis, in which nearly all the leucocytes are amoe- 
boid. This is due to the fact that the myelocytes which form 
so large a portion of the leucocytes in this disease do not pos- 
sess the faculty of amoeboid motion. We should expect there- 
fore to find their nucleus free from the twists and distortions 
characteristic of the amoeboid (polymorphonuclear) cells. And 
this is in fact the case (see below). 

With or without the influence of therapeutic agencies the 
white cells may fall gradually to normal and remain there for 
some time, the patient feeling greatly improved. Such a case 
occurred under my observation, and the patient, a washerwoman, 
went back to work and afterward passed through an attack of 
lobar pneumonia in safety. 

At such a time, when no increase in the white cells is pres- 
ent, we should never suspect leukaemia, seeing the case for the 
first time, unless we chance to make a differential count; then 
the characteristic qualitative changes (see below) would be seen. 



Table IX. — Leukjemia (Splenic-Myelooenous) . 



Case. 


Percentage of 
myelocytes. 


Percentage of 
eosinopbilea. 


Case. 


Percentage of 
myelocytes. 


Percentage of 
eosinophil©*. 


1 


60. 


11. 


11 


82. 


3. 


2 


55. 


8. 


12 


81. 


3. 


3 


51. 


6.5 


13 


80.3 


8. 


4 


50. 


6.1 


14 


26. 


2.7 


5 


48. 


6. 


15 


26. 


2.5 


6 


46. 


5. 


16 


26. 


2.5 


7 


42. 


5. 


17 


21.4 


1.8 


8 


38. 


4. 


18 


20.4 


1.5 


9 


36. 


4. 






10 


38. 


4. 


Average = 87.7 


4.4 
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Qualitative Oianges. 

The enormous number of myelocytes is the point of interest. 
Tlie average percentage in my 18 cases was 37.7 per cent (nee 
Table IX ), rising in one case as high as 60 per cent, and never 
LOW than 20 per cent. 

Taking the average total number of leucocytes as 438,000 
per cubic millimetre, the absolute number of myelocytes would 
be over 16*2,000 per cubic mill i metre. So far as I am aware the 
highest count of myelocytes in any other disease is that men- 
tioned on page 128 in a case of pernicious ansemia, namely, 1,160 
per cubic millimetre. The contrast is sufficiently striking. I 
wish to insist upon this point, namely, that the blood of splenie- 
myelogenons leuksmia is absolutely peculiar and characteristic, 
and could not be confused with that of any other disease. Cer- 
tain writers of late years have concluded that because myelo- 
cytes do occur in a great variety of diseases as well as in leu- 
kiviniii. therefore there is nothing peculiar about the blood of 
the latter affection. It would be as logical to say that because 
albumin and casts occur occasionally in the wine of persons 
practically well, therefore tliere is nothing characteristic about 
the urine of acute nephritis. 

Between the largest number of myelocytes ever recorded in 
any disease other than leukromia, aud the smallest number ever 
found in the latter disease, there is as great a difference as tliere 
is betweeu the minute traces of sugar to be found in normal 
urine and the marked glycosuria of diabetes mellitus. , 

At the tirst glance the stained sit'cinieu of kakiemic blood 
seems to be composed mostly of myelocytes, bnt this is because 
they are on the average so much larger than the other forms of 
wliih- cells, winch, being packed away in the interstices between 
the large myelocytes, do not appear prominently at first 
sight. 

Although (as just mentioned) the average size of the mye- 
locytes is greater than that of any other kind of leucocyte, there 
is a great range of variation in their size, and some are hardly, if 
at all, larger than a red cell. (This is equally true of the mye- 
locytes as seen in the bone marrow. See above, page 57.) 

The individual characteristics and variations in the myelo- 
cytes have been already sufficiently described on page 55. 



PLATE II. 

Flo. 1. — Both this and Fig. 2 are intended to be fac -si miles of actual 
microscopic Melds. 

(a) Note the cell between those labelled 8 and 9 — apparently a polymor- 
phonuclear cell without neutrophilic granules. Such cells are often seen 
in this form of leukaemia . 

(6) Note also the cell at the extreme upper right-hand corner of Fig. 1, 
which it is almost impossible to classify either as a myelocyte or as a 
polymorphonuclear neutrophil, since it appears to be intermediate be- 
tween the two varieties. 

(c) Both the nucleated corpuscles are normoblast ; 9 has polychromato- 
philic protoplasm. The red cells show scarcely any deformities and very 
slight deficiency in coloring matter. 

Fio. 2. — (a) Note the deformities in size and shai>e of ml corpuscles, 
owing to the amentia present. 

(b) No lymphocytes are figured, as they made up only two per cent of 
the white cells in this case. Eosinophil were absent. 

(c) Note that the contrast between this llgure (leucocytosis) and the one 
above it (leukaemia) is not in the abundance of white cells but in the kind 
of white cell predominating among those present. 
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Polymorphonuclear Cells. 

Although absolutely the number of these cells is greatly in- 
creased, the number in each 1,000 leucocytes is considerably 
diminished. The average percentage in the eighteen cases of 
Table X. is 49.2 per cent, the figures ranging between twenty- 
six and sixty-six per cent. 



Table X.— Leukjemia (Splenic- Myelogenous). 



No. 


Percentage of 
polymorpho- 
nuclear C*»ll8. 


Percentage of 
lymphocytes. 

i 


No. 


Percentage of 
polymorpho- 
nuclear cells. 


Percentage of 
lymphocyte*. 


1 


26. 

32. 

37. 

40. 

44. 

45. 

46. 

46. 

49.5 

50. 

50.6 


2. 
2. 

•5. »J 

2.5 

2.5 

2.6 

3. 

5. 

5. 

5. 

6. 


12. 
13. 
14. 
15. 
16. 
17. 
18. 




51. 

54. 

55. 

61. 

62.8 

62.5 

66. 


6. 


2 




8. 


3 




8. 


4 




9. 


5 




9. 


6 




18.9 


7 




31. 


8 

9 

10 

11 


Averag 


e = 49.2 


7.6 



The individual cells show a much greater range of variation 
in size, staining properties, and the size and shape of the nucleus 
than in any other condition. In most forms of leucocytosis, for 
example, one adult cell looks very much like another, but in this 
form of leukemia we are often struck by — 

(a) Very small cells. 

(b) Dark stained or very pale stained cells. 

(c) Unusual shapes in the nuclei. 

Besides these variations we often see cells apparently be- 
longing to this typo, but whose protoplasm shows no color what- 
ever. Such a cell is figured to the right of Plate II., Fig. 1. 
Other colls show a few granules scattered about against a per- 
fectly white background. The outer rim of the cell is usually 
stained faintlv, so that we can hardlv make out its outline. 

(d) There are always some cells on the border line between 
the polymorphonuclear and the myelocyte, and in regard to 
which decision must be arbitrary. We cannot help getting the 
impression that at any rate in this disease the two varieties are 
oi|ly different stages in the development of the same cell. 
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Lymphm-ykx. 

It is here that the greater relative diminution occurs, to wake 
room (or the incursion of the myelocytes. In percentages they 
are reduced from their normal, 20 to 30 per cent, to an average 
of 7.6 percent, as in leucocytosis. But still their absolute uum- 
Iw is always increased. Thus the loweBt percentage present in 
Table X. (namely, two per cent) would mean 8,700 out of the 
average 438,000, the total leucocyte couut per cubic millime- 
tre, and 8,700 is three or four times as many lymphocytes per 
cubic millimetre as are present in normal blood. 

The proportion of large and small forms among the lym- 
pluH'vli-'s varies a great deal, but there is no such excess of the. 
large forms as would be expected if the spleen were the source 
of these cells, as Ehrlich supposed. 

There is nothing peculiar about the lymphocytes which differ 
iu no respect from those of normal blood. 

JBottnopkUeM. 

Like all the other varieties these are almohitthj much in- 
creased. Relatively— by percentages— they may or may not be 
so. Iu my series they ranged from 1.5 to 11 tier cent, averag- 
ing 4.4 per cent, I slight increase over the normal. 

Many writers, wrongly interpreting Eluliili s observations 
on this point, have stated that an increased percentage of eosin- 
ophilic cells was the distinguishing mark of leukemia, and 
even recent, writers (e.g., Gilbert, Str&mpell) continue to re- 
peat this falsi- statement. 

Thr rrfl , ■/„#,■,(, '/rsix/i, ' nf Hf)l, lllf-lltyrl'tyriHItlH kuhemUl IS tlOt 

On toeinopkUi but tin myelocyte. 

We distinguish several types of eosinophils iu leukwrnio 
blood. 

(«) Ordinary (polymorphonuclear) eosinophil's. 

(/*) Eosinophilic dwarf cells. 

po) Eosinophilic myelocytes. 

un N- .-ds no comment; (b) is sim|ily a very small cell with 
eosinophilic granules; sometimes such cells are not over 5 p 

in dia ler. They are not uucommon in this form of leukaemia 

and are very rare iu any other disease. The same is true of 
the eosinophilic myelocyte* which are rerj rare in any 
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other disease, except pernicious anaemia, where they are occa- 
sionally seen. 

These cells are like myelocytes except that their granules are 
eosinophilic instead of neutrophilic (see Plate I. and Plate II.). 
They are found in the marrow in considerable numbers and con- 
stitute the majority of the eosinophilic cells seen in this form of 
leukaemia. Other constituents of leukemic blood are (occa- 
sionally) basophilic cells, white cells showing mitosis (especially 
the myelocytes) , and the so-called Charcot-Leyden crystals. (As 
these last have no diagnostic value and are not peculiar to any 
disease, no description of them will be given here. They ap- 
pear to be present wherever eosinophiles are plentiful, e.gr., 
in asthma, gonorrhoea, in the bone marrow, etc.). 

Neusser's perinuclear basophilic granules are said to be abun- 
dant in this disease, owing to the excess of uric acid in the sys- 
tem. 

During remissions, when the leucocyte count may fall to 
normal, the percentage of myelocytes remains large and the 
diagnosis could usually be made even if we saw the case then for 
the first time. This I have observed in two cases, and Thayer 
has had the same experience. 

LYMPHATIC LEUKAEMIA. 

Although Fraenkel has maintained that all cases of lym- 
phatic leukaemia are acute and that therefore the difference be- 
tween the two forms of the disease rests simply on the rapidity 
of the process in the blood and clinically, there is no doubt that 
chronic lymphatic leukaemia exists. 

Fraenkel is enabled to maintain his position only by extend- 
ing the term acute to cover all cases whose symptoms last not 
more than four months. Six weeks is the limit agreed upon by 
most other observers. 

The writer has watched two cases of typical lymphatic leu- 
kaemia for periods of seven months and two years respectively. 
The latter was as little sick as any case of leukasmia that I have 
ever seen and came over thirty miles from time to time to report 
at the Out-Patient department. His blood showed little varia- 
tion from the following figures: Red cells, 2,300,886; white 
cells, 112,000. 
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The differential count always allowed the overwhelming ma- 
jority (over ninety per cent) of small lymphocytes characteristic 
of the disease. The lymph glands were all much enlarged, the 
spleen just palpable. The patient kept about his work as a gar- 
dener for over two years. Grawitz has watched a similar case 
for over four years. 

Red Cells. 

The count of red cells is often somewhat lower than in the 
eplenic-myelogeuoiis form of thin disease, averaging '2,730,000 
in my cases. 

The point of interest is the cwnparatice rnritij of nucha fed 
red relfo, the abundance of which is ho marked a feature of 
Bplenic-myelogenous leukiemia. They follow the grade of anae- 
mia present. Cases occurring in children show more abundant 
nucleated corpuscles (the same is true of all leukaemia in chil- 
dren) than those occurring in adults, and the megaloblastic, 
usually scanty, may equal the number of normoblasts. 

Win -it; Cells. 

(Jtuuifttatict: Ohaaga. 

The numerical increase is not nearly so marked as in the 
Splenic-myelogenous form. Tlie average ratio of white to red 
cells it* about 1:40 instead of 1:7, and we never see counts 
reach the height common in the other form of the disease. 
The highest count of my serifs was i2'2O,U00 and the lowest 
30,000, the average being 141,000 as compared with 4'18,000 in 
the other form. 

fJiffffffrfr'TT ( Itanget, 

Lymphocytes (small forms, large forms, or a mixture) make 
np usually over ninety per cent of all the leucocytes present. 
In some cases they are all nearly of one size, while in others we 
find every gradation from the smallest to the largest, so that it 
is absolutely futile to attempt to separate them into "large" 
and "small." Two of my cases were made up wholly of the 
small forms all under 11 /• in diameter, two were composed 
largely of forms over 15 .« in diameter, while one showed every 
intermediate tin, 



PLATE III. 

(a) Lymphatic Leukamia with Excess of Small Lymphocytes. 

One polymorphonuclear cell is present. All the rest are lymphocytes 
and exemplify the variations in the morphology of the cell occuring in 
this and other diseases as well as in health, e.g., variations in the staining 
of the protoplasm and nucleus, indentation and even division of the 
nucleus. 

Note that the scale of the whole of Plate III. is larger than in the other 
plates (see scale of /*) . * 

(b) Lymphatic Leukcemia with Excess of Large Lymphocytes. 

The symptoms, signs, and course of these two cases were closely simi- 
lar, both subacute (eight weeks). 

Note the lack of chromatin in both nuclei and protoplasm of large 
lymphocytes. The plasma around them or their extreme edge took most 
of the stain. The brown tint of the red cells is due to underheating. 
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Table XI.— Lymphatic Leukjemia. 



Case. 


Percentage of 
lymphocytes. 


Percentage of 
polymorpho- 
nuclear cells. 


Percentage of 
myelocytes. 


Percentage of 
eosinophlles. 


1 


98.6 
98.6 
96.5 
94. 
91.8 ' 


0.5 

1. 

8.4 

5.7 

4.6 


0.8 

.87 

.0 

.87 
2. 


0.0 


2 


.1 


8 


.1 


4 


.0 


5 


1.6 


Avera 


ge = 95.9 


3.04 


0.7 


0.36 



Sometimes, especially where the large cells predominate, the 
staining is very faint throughout the nucleus and protoplasm 
(see Plate III., b), so that at first sight we should think some- 
thing was wrong with our technique. Other forms of leuco- 
cytes in the same preparation, however, will stain normally, 
showing that the trouble is in the lymphocytes and not in the 
technique. 

The protoplasm may be entirely unstained as in most of the 
cells in Plate III., 6, or it may stain pale gray or pink. In 
other specimens, especially those of the small-cell type (Plate, 
III., a) the lymphocytes stain well. Their nuclei are frequently 
indented or even divided in two (this occurs also in normal 
blood, but less often) . 

In acute cases Litten has noticed fatty degeneration in the 
leucocytes (11th Cong. f. inner. Med., 1893). 

The following figures illustrate the influence of a septicaemia 
(from suppurating cervical glands) which ended the life of No. 
3 in the above Table XI. 





Date. 


Number 
of leucocytes. 


Percentage of 
lymphocytes. 


April 3d 


31,600 

31,000 

28,505 

44,000 

31,500 

40,000 

Sepsis began. 

5,661 

4,000 

3,400 

3,222 

800 

471 


96.5 


** 4th 




a 6th 


98.6 


* 8th 




u 10th 


95.5 


a 12th 




u 18th 




u 20th 




* 2l8t 




** 22d 


92. 


« 24th 




" 28th 




u 29th 


94.7 


Death on 


the 29th, 
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Zeissl's case, also of tlie lymphatic form, showed the follow- 
ing: 


Dale. 


While crtl* 


Pltwlikh or 

lyluphooj Lck. 


PerowiUe" of 




80, 0O0 
118,000 
119,000 
132,000 
140,000 
Pneumonia began. 
119.000 

98,000 

OR,. 100 

43,500 

60,000 

9,850 

188.900 

173,000 


96. 

97.8 
99. 

"88.7 
85.4 
70. 


11.8 
14.0 
25. 


24th 

20th . 

29th 


9th 

10th 

lltli 


13th 




16th (A.M.) 
Kith (p.h.) 


Summary. 
The leading characteristics of leukemic blood are as follows, 
(a) Splemc-nu/elogcnous Form. 

1. Red cells about 3,000,000, nucleated forms very numerous, 

2. AVhite tells about 450,000, of which 

3. Myelocytes form about thirty per cent. 
\li) Liiin/ilmtii: Form. 

1. Red cells about 11,000,000 or lower; nucleated forme rare. 

2. White cells about 100,000 or lower, of which 

3. Lymphocytes form over ninety per cent (the large or the 
small iorinn may predominate). 

4. Myelocytes and eosinophils very scanty. 

(c) Mi'xeil forme ocean tonally occur, partaking of the charac- 
teristics of each of the above. 

Diagnostic Value. 
Leukwmia is distinguished by the blood examination from 

1. Bodgkin's disease: (a) splenic, (A) glandular. 

2. Tumors of the spleen and vicinity (e.g., kidney or retro- 

podteoMl glands). 

3. Enlargements of the lymphatic glamla from tuberculosis, 
syphilis, malignant disease. 

4. Hyilrniii'pfimM- 

5. Huge leiicoevtosia from any cause. 
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6. Chronic malaria, 

7. Amyloid disease. 

1. Leuhemia mid Bodgkiu's disease (lyniphadenonia or 
pseudo-leukaemia). The pathology of the two diseases is iden- 
tical but for the blood count. In Hodgkin's disease the blood 
is normal, or Bhows at most a moderate ana'mia or leucocytosis 
(adult cells alone increased), and the diagnosis is easily made. 

2. Tumors of the spleen and more especially of the kidm ?/ ue 
very apt to be mistaken for leukaemia. Within a single year I 
have been asked to examine the blood in three cases of " len- 
krfiuia." all of winch turned out to be malignant disease of the 
kidney. In all of these there was a large tumor resembling the 
spleen in the left liypochondrium and a very large increase of 
white cells. In two of them the blood was examined fresh and 
the great number of white cells in the slide taken as evidence 
confirmatory of leukaemia. The stained (specimen, however, 
showed only marked leucocytosis with ninety per cent of adult 
cells of the ordinary type and no myelocytes. Other large 
tumors of this region showed similar results. 

3. Adenitis with hyperplasia due to tuberculosis shows 
usually normal blood ' aud is thus easily distinguished from leu- 
kaemia. Leucocytosis is often present in syphilitic cases and 
still more marked in those due to cancer or sarcoma, but the 
couuts rarely reach 30,000 and myelocytes are absent or very 
Hcauty. 

4. One case of hydronephrosis in which the distention of the 
sao was so great that it presented as a hard, solid tumor on the 
right hypochondrium, was taken for leukaemia by a competent 
observer some years ago. The normal blood examination re- 
vealed the mistake, and excluded also malignant disease in all 
probability. The diagnosis was only reached, however, at the 
autopsy. 

5. Huge leucocytosis in pneumonia or malignant disease 
may often cross the old boundary line of 100,000 white cells, 
beyond which none but leukemic cases were supposed to ven- 
ture. The differential count sets us right instantly, showing 
ninety per cent or so of the increase to be made up of ordinary 
adult leucocytes. 

6 and 7. The large spleen and cachectic appearance associated 
1 Sometimes marked leuccpenia. 
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with chronic malaria and long-standing suppurations may be 
easily distinguished boa leukjemia by the absence of anything 
more than ameniia and leueocvtosis in the blood. 
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Effect of Intercurrent Infections. 

There are on record seventeen cases in which leukaemia (acute 
i hiis been n.m|ilicnted with some intercnrrent infec- 
tion, with marked effect 'upon the blood in all but one. This 
single case was an acute rheumatic arthritis repnriod by Richter 
in the discussion of Fraenkel's article in the Thittsch. metRom* 
pdbi fftofc us,-!,,-;/!, for 1896 (Nos. 39, 43, and 45), p. 039. Here 
the blood remained unchanged. 

Mullir's ' case of lymphatic leukiemia was complicated by a 
septicaemia and the count of white cells rose from 180,000 to 
400,000 per cubic millimetre, with a marked increase in the per- 
cctitagn of [Milymorphonuclear cells. Here was a genuine leu- 
coeyUisis added to a leukaemia. 

With the exception of these two cases, all those hitherto 
published have shown a marked progressive r7«reaee in the total 
number of leucocytes without any change in the percentages of 
the different varieties in twelve, while the other five showed like 
Miller's an increased percentage of the polymorphonuclear cells 
despite the decrease in the total leucocyte count. 

Various infections— miliary tul>erculosis, pneumonia, grippe 
erysipelas, abscess of kidney, septic lymph glands — alike de- 



1 Muller: Deut. Arehiv fur klin Med , 1US3, vol. 50, i 
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creased the leucocyte count. In one case a rise just before 
death was observed. ! 

Thus in Henck's case the leucocytes fell from 400,500 to 
89,000, in one of Miiller's from 246,900 to 57,300, in Kov£cs* 
from 67,000 to 17,000, in Zeissl's from 140,000 to 9,350. I 
have already mentioned a case of lymphatic leukaemia (page 149) 
in which the leucocytes fell from 40,000 to under 500, this last 
being on the day of death. In this case the percentages of the 
different varieties of leucocytes remained entirely unchanged. 

It appears, therefore, that when an infection complicates 
leukaemia we mav have — 

1. No effect (see case of rheumatic fever as a complication, 
just mentioned). 

2. A genuine leucocytosis on top, so to speak, of the leu- 
kaemia, with an increased percentage of polymorphonuclear cells. 

3. A decrease in the leucocvte count with or without an in- 
crease of polymorphonuclear cells. This decrease is by far the 
most common result and may go far below normal as death ap- 
proaches. 

Goldschneider a found that by the injection of splenic extract 
and other substances he could bring about a similar diminution 
in the number of leucocytes, but that, as in the case of intercur- 
rent infections, this diminution was not accompanied by any im- 
provement in the patient's condition and death followed as 
usual. 



case. 



1 1. Eisenlohr: Virchow's Archiv, vol. 73, 

2. Henck : Virchow's Archiv, vol. 78, 

3. Quincke: Ref. in Munch, med. Woch., No. 1, 1890, 

4. Stintzig : Ibidem, 

5. Ortner: Wien. klin. Woch., 1890, p. 832, 

6. MQller: Deut. Archiv f. klin. Med., 1891, vol. 48, and 

1892, vol. 50 2 cases. 

7. Kovacn: Wien. klin. Woch., 1893, p. 701 . . .1 case. 

8. Fraenkel : Deut. med. Woch. , 1895, p. 639, . . .2 cases. 

9. Heubner: Ibidem ) ,. ,. _, « ., x ( 1 case. 

10. Richter : Ibidem [ (»n d,8cu88. n g Fraenkel 8 ca^es) | 8 ^ 

11. Freudenstein : Ref. by Fraenkel, loc. cit., . .1 case. 

12. Zeissl: Wien. klin. Woch., May 14th, 1896, . .1 



u 



18. Personal observation, 1 



u 



Total, 17 cases. 

* Discussion of Fraenkel' s article, loc. cit. 
11 
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Abscesses occurring in leukemic patients are tilled with adult 
leucocytes as ordinary abscesses are, ami do Dot contain mye- 
locytes. 

HODGKINS DISKASK 
(Pneut/ii-Le'ibriiii-i , Lijuqthfiina). 

The diagnosis of this disease is impossible without the blood 
count. Its [mthology is identical with that of l*>uka>iuia and 
even post mortem the two diseases are indistinguishable so far 
as the lesions outside of the blood are concerned. Yet the 
blood is in no way peculiar, but presents in most cases all the 
■ liauictinstir* n[ tin* unMiiiil tissin?. Its value is as negative 
evidence, telling us in » given case that leukiemia is absent even 
though all the other signs and symptoms may be those of leu- 
kteiuia. 

(I.) Transitions from Hodgkiu's disease to leukaemia have 
taken place uu<ler the eyes of competent observers, but they 
are very rare. Only three such cases are on record so far as 
I know, that of Fleischer and Penzoldt,' that of Mosler,' and 
one reported by Senator.' where two sisters came under obser- 
v.iti"ii, lmth sutferiug from Hodgkiu's disease. One died of 
it; in the other the blood changed to that of leuktemia liefore 
di-iitli. 

Doubtless many of the other cases supj>osed to exemplify a 
similar transition were really cases in which a leucocytosis arose 
owing to some inflammatory complication, as not uncommonly 
occurs (see below, Table XII.). 

From the existence of these very rare cases of a transition to 
lenkremia it has been supposed, especially by French ol»ervers, 
that Hodgkiu's disease is simply an early stage of true leu- 
kiemia and that this would always become apparent were it not 
that the patients die of some intercurrent disease before the 
signs of lauktBmia have time to show themselves in the blood. 
One difficulty with this view is that there occur chronic cases 
which last from eight to ten years without any change in the 
blood. Another difficulty is that the transition is in fact rare 

' Deut. Arch. f. ktin. Had., vol, IT 

* Ziemsflen's "Handbuch d. Path, and Therap.," vol. 8. 
•Deri, klin- Wocli,, 1882. p. 388. 
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despite the relative frequency with which the disease is met 
with. 

(II.) Undoubtedly many cases diagnosed as Hodgkin's dis- 
ease are in fact cases of glandular hypertrophy due to syphilis 
or tuberculosis, and this fact has led many to the belief that all 
cases called Hodgkin's disease are in reality only syphilitic or 
tubercular adenitis. In a considerable number of cases, how- 
ever, tuberculosis has been disproven by careful inoculation ex- 
periments with the glandular tissue, and there is no reasonable 
doubt that some cases at anv rate are not due to tuberculosis or 
syphilis. Probably the diagnosis can never be made with ab- 
solute certainty during life. 

(III.) The frequent occurrence of fever and other symptoms 
characteristic of an infectious disease has led some writers to 
class it as such. In a certain percentage of cases the disease 
(like leukaemia) has run an acute course, lasting not more than 
six weeks from the first symptom to death. In some chronic 
cases the same sort of evidence of an infectious nature has been 
brought forward. Ulcerations occur in the mouth and intes- 
tine through which morbid products might gain admission. 
Various bacteria (pyogenic and others) have been found in the 
blood and tissues from time to time, but numerous negative 
examinations for micro-organisms are also on record, and the 
evidence is insufficient to establish the infectious nature of the 
disease. None the less, there is a growing tendency among the 
leading writers and observers in Germany and elsewhere, to be- 
lieve that the disease will ultimately be shown to be infectious. 

(TV.) Meantime most surgeons continue to regard it as a 
form of sarcoma and to treat it like malignant disease. 

The Blood. 

Whatever the nature of the disease, we find in the earlier 
stages of most cases normal blood, as will be seen in Table XH. 
(cases 7 to 14 inclusive). 

As the disease progresses the haemoglobin soon begins to 
fall, later the red cells, until, as at the end of Case 10 of the pres- 
ent series, the blood may reach the severest grade of anaemia. 
In acute cases the anaemia may develop very rapidly. The 
usual qualitative changes characterizing severe secondary anae- 
mia may be present. 
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Table XII— Hodokin's Dibeabk. 
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WhflD inflammation arises in the glandular tumors and some- 
tinics trim MUB is found, the white cells may lw greatly in- 
creased, even up to a ratio of 1 : 80 red oatta, as in Case 1 of tba 
present series. There is, however, no more resemblance to leu- 
kfemia tiiau in any other form of laaooaytOSM, the adult eella 
1 DifT. — Differential count of. 
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alone being increased. There is no reason for supposing, as 
Reinert ' does, that relative diminution of the young leucocytes 
is owing to the diseased condition of the lymph glands, for, un- 
less some septic process gets a foothold in the glands, the 
young cells j)resent a normal number or even (as in Case 16) 
considerably increased percentages. 

As in any other cachectic condition, small numbers of mye- 
locytes may be found. They were seen in six of our cases out 
of fourteen in which a color analysis was made, the highest per- 
centage being two per cent. Eosinophils are usually decreased 
when leucocytosis is present. 

Summary. 

Normal blood in early stages. 
Later often marked anaemia. 
Sometimes leucocytosis. 

Diagnostic Value. 

The only help given us by the blood is in excluding leukae- 
mia. Syphilis, tuberculosis, or malignant disease might cause 
similar blood changes or lack of changes. 

1 "Die Zuhlung der Blutkorperchen, " Berlin, 1891. 



PART II. 

ACUTE INFECTIOUS DISEASES. 



CHAPTEK m. 

INFLUENCE OF FEVER ON THE BLOOD. 

Some of the blood-changes found in acute infections are to 
be regarded as due simply to the fever associated with the dis- 
ease. It is worth while, therefore, to consider what fever per se 
can do to the blood. 

Maragliano ' and others have shown that during fever from 
any cause a contraction of the peripheral vessels occurs. When 
fever disappears, whether spontaneously or from the action of 
antipyretics (phenacetin, quinine, etc.), a dilatation of the ves- 
sels follows. 

Following the laws to which we have so often alluded, the 
contraction of the vessels causes a concentration of the blood 
with rise in specific gravity and in the number of blood cells per 
cubic millimetre. This concentration is still further increased 
by the greater loss of water which the organism suffers during 
fever than under normal conditions. 

The effect of these two influences in increasing the number 
of red cells per cubic millimetre is, however, counteracted to a 
considerable extent by the sharing of the blood in the general 
tissue destruction which goes on with increased rapidity during 
fever. Many corpuscles are thus destroyed, but until the tem- 
perature falls the anjemia is covered up by the concentration. 
When the fever leaves the patient there is a sharp fall in the 
number of cells per cubic millimetre, due partly to the destruc- 
tion of corpuscles (hitherto masked by concentration) and partly 
to the dilution of the hlood which is the result of the post- febrile 
dilatation of the peripheral vessels alcove mentioned. The sud- 

1 Zeit. f . klin. Med. , vols. 14 and 17. 
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denness of this fall in the count is proportional to the sudden- 
ness of the fall in temperature. 

The alkalinity of the blood has been often said to be dimin- 
ished in fever, but recent research tends to show that these re- 
sults were obtained by faulty technique, and it is doubtful 
whether the reaction of the blood shows any constant changes 
in fever. 

Leucocytes and fibrin show no constant changes, though in 
the majority of infectious fevers they are increased. 

PNEUMONIA. 

Tlie Blood as a Whole. 

(a) Bacteriology. — The diplococcus lanceolatus has been 
found in the blood of pneumonic patients repeatedly, especially 
in those in whom there has been some secondary diplococcus 
infection (e.g., diplococcus endocarditis); but such findings are 
rare and have generally been in fatal cases with very severe gen- 
eralized infection. 

For example, Sittmann ' out of 16 cases found diplococci in 
the blood of 6, most of which were complicated with lesions in 
other organs, and 4 of which died, while of the 10 whose blood 
was sterile, 9 recovered. 

Boulay a found the organism in 2 cases shortly before death. 
Belfanti 3 found it but 6 times out of a large number of cases, 
and of these 6, 5 died. Goldschneider * and Grawitz 6 got similar 
results. From these facts it appears that the presence of pneu- 
mococci in the blood is a bad prognostic sign. 

(b) Coagulation is remarkably rapid and in fresh specimens 
the fibrin network is very .thick and appears within a few 
minutes. 

(c) In cases with cyanosis the blood is often concentrated at 
the periphery so that its specific gravity is high and the number 
of corpuscles large. 

1 Deut. Archiv f. klin. Med., 1894, p. 828. 

* Paris Thesis, 1891. 

'RiformaMedica. Naples. 1890, No. 87. 
4 Deut nied. Woch., 1892, No. 14. 

* Grawitz : Charite-Annalen. vol. 19. 
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(d) Monti and Berggriin ' observed that in children the 
s|»H'itW gnnij was high throughout the course of the dlBQOee, 
falling with the temperature. 

Bed t'-tfo. — During the fever the red cells are approximately 
normal (unless increased by cyanosis) ; but after the crisis there 
is often slight amentia, due partly to the blood destruction evi- 
denced by the frequent presence of hydrobilirubiu in the urine 
and the not infrequent occurrence of jaundice. Grawitz con- 
siders also that a general relaxation of the peripheral vessels in 
the post-critical period causes a dilution of the blood with (ai>- 
parent) lessening of the red cells. 

Maragliann lias noticed "degenerative" changes in the red 
cells in severe cases, but as a rule they do not appear nun b 
affected either in quantity or quality and our attention is chiefly 
directed to the 

Whiff ( '»!■(" tstles. — 1. Probably as early as the time of the 
chill, and certainly within a few hours after it, the leucocytes 
are greatly increased, and continue so throughout the febrile 
period, 

2. Than is no correspondence between the daily variations 
in temperature niidthe leucocyte rime. In eases in which a 
pseudo-crisis occurs (the teioi>erature falling but quickly rising 
again), the leucocyte count remains high, while at the timeoE 
the true crisis and often a few hours In-fore it the leiicoeites /» - 
■fin to fall. This fall, however, is hardly ever by "crisis." but 
though -Parting perhaps ■ little before the temperature it is one 
to two (hvjra longer iu reaching normal. When the temperature 
reaches normal by lysis the leucocytes fall with it but generally 
more slowly, and reach normal later. 

3. When resolution is delayed the leOQOOTtoeu continues, 
sometime.-* for weeks, and very gradually sags down to aoniinl 
in cases in which resolution eventually occurs without complica- 
tion. If alweess, empyema, or gangrene follow, the leucocytes 
stay up. 

4. The degree of leukocytosis is probably the resultant of 
the factors mentioned on page ill, and does not run parallel to 
Iht degree of teror or the amount of lung involved. Neverthe- 
less cases with extensive signs iu Ixvth lungs are more apt to 
have very high counts, provided the "reaction™ of the patient 

1 Arch. f. Kiinlerheilk.. vol. 17. 
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against the infection is vigorous. The cases appear to fall 
into the following groups as regards the degree of leucocytosis 
present. 

1. Mild infection, vigorous reaction = slight leucocytosis. 

2. Severe or moderate infection, vigorous reaction = marked 

leucocytosis. 

3. Severe infection, feeble reaction = no leucocytosis. 

(a) The cases in Class 1 all recover, but they are very few 
in number, (b) Those in Class 2, which includes over nine- 
tenths of all cases, may or may not recover, according as the 
fight between patient and disease comes out one way or the 
other. 

(c) Class 3 almost invariably die ; there is not sufficient of a 
struggle to raise the leucocyte-count. 

Where either the jmtient or his disease easily gains the 
mastery there is no leucocytosis or a very slight one ; but in 
the much larger class of cases in which the struggle is a fierce 
one, leucocytosis appears, whichever way the struggle results. 

Pick ' noted that pneumonia complicating cases of small-pox 
which were already very sick, caused no leucocytosis, and the 
same is often true in those whose power of resistance is reduced 
by age, alcoholism, typhoid, or by some chronic disease. 

Von Jaksch, noticing the fatality of cases without leucocy- 
tosis, suggested that we should induce leucocytosis by inject- 
ing turpentine or other irritants so as to cause abscess; but 
this has not proved of any benefit to the patient, nor has 
the production of leucocytosis without abscess, as can be 
done with pilocarpine or nuclein, been any more successful. 
There is no difficulty in producing the leucocytosis by these 
means, but all observers are agreed that it does the patients 
no good. 

Leucocytosis is checked by antipyretics (Hare*) but not by 
cold bathing, which speaks in favor of the latter method of re- 
ducing temperature. 

The general course of the leucocytes is seen in the accom- 
panying charts from Billings, to whose excellent article I am 
greatly indebted. 

1 Arch. f. Dermat. undSyph., vol. 25, p. 63. 
* New York Medical Record, May 9th, 1896. 
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Chart I. — Psetmonia, Ssowino 
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Chart II.— Pneumonia and Rheumatism. 
Mat. Jw. 
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The upper chart shows the course of the temperature, the lower that of 
the leucocytes. 

lencocytosis is absent, data are scanty. Bieganski thought the 
• adult varieties decreased, Rieder found them increased, while 
Billings finds them normal. No general law cau l>e stated on 
this point as yet. 

In one remarkable case occurring at the Massachusetts 
General Hospital in 1894, the conditions were entirely different 
form those just stated. The patient, a girl of sis, had at en- 
trance 72,100 leucocytes per cubic millimetre. Two days after 
the count was 94,000. A differential count made at the same 
time showpd that the small lymphocytes made up sixty-six per 
cent of all the 94,000 leucocytes per cubic millimetre. The 
adult cells were reduced to thirty per cent. Lymphatic len- 
kffiraia was thought of, but the leucocytosiB was gone in ten 
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days and within a fortnight the patient left the hospital well. 
I have seen one reference to such a condition. "In a certain 
number of cases the leucocytosis is characterized by the great 
number of the youngest forms of leucocytes. This condition 
persists during convalescence." ' 

Diagnostic mid Prognostic Value. 

1. In cases of so-called "central pneumonia" in which the 
symptoms but not the physical signs of the disease are manifest, 
the presence of a well-marked leucocytosis is often of great diag- 
nostic value. It excludes malaria, typhoid, and uncomplicated 
grippe as causes of fever, and if scarlet fever and suppuration 
can be excluded by other evidence, it makes pneumonia very 
probable. 

I have repeatedly seen the diagnosis of pneumonia made in 
the absence of physical signs and largely on the evidence of the 
blood oount, the diagnosis being confirmed several days later by 
the appearance of typical signs of consolidation. In a case of 
Dr. F. C. Shattuck's, sick five days, yet showing no signs of 
consolidation of the lung, the presence of a marked leucocytosis 
excluded typhoid, the only other likely diagnosis, and led Dr. 
Shattuck to treat the case as pneumonia, the wisdom of which 
course was later demonstrated by the appearance of signs of 
consolidation. 

2. Between pneumonia and capillary bronchitis the condition 
of the blood is of no help, as the latter also causes leucocytosis, 
and some cases affecting the larger tubes do the same. 

3. In cases of pneumonia occurring in very old or very 
young people, in which the fever and symptoms may be very 
slight, the presence of leucocytosis may be the first thing to 
direct our attention to the lungs, dyspnoea and cough being ab- 
sent. 

In prognosis, the important point is that the absence of leu- 
cocytosis is a very bad sign, while its presence is neither good 
nor bad. It must be remembered also that in the very mildest 
cases we may find the same absence of leucocytosis which in 
any other but the mildest would be almost surely fatal. 

1 Sti&nou : Jour, de Med., de (Jhirurg. et de Pharm., Bruxelles, 1895, 
t. iv., fasc. 1. 
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Chart II.— Pneumonia and Rheumatism. 
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The upper chart shows the course of the temperature, the lower that of 
the leucocytes. 
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Toward the end of tho disease, when the temperature is apt 
to be very irregular (so-called " period of -steep curves"), pyogenic 
cocci BTC occasionally to l»e found iu etdtures made from the 
Mood, and doubttaai account tot many of iiir> ncndoMBDOM and 

temporary febrile attacks, with or without chills, which are so 
com mou in early convalescence 

Widal in /." S'ui'iiiir MAh'n'lr, lS'.Iti, pp. "J.j'.l and 26'J, de- 
Mtttm B "reaction" which he considers characteristic of the 
disease. If to lit drops of a 24-hour bouillon culture of the 

inu'illi of ElM'iih i»> added om drop of motb bom a typhoid 

patient, tho bacilli lose their motility and beoODM ugglutinatod 
in masses. Serum taken from thirty other persona in part 
healthy, in part suffering from diseases other than typhoid, had 
DO such effect on the bouillon cultures. Of eight persons who 
Bad had typhoid a year before, one showed the " reaction" as 
in the active stage of the disease, the others show jug no "re- 
liction." 

This has lieeu confirmed by Rendu ' and Dieulafoy," and 

otnars. Thr ■ ritax baa examined 186 rase- by this method, of 

which CO were OSSM of typhoid. The results have been wholly 

oonfirmatorj of Hiom of vVtdnL lbs method is ia all prohabii- 

ity a most important aid to the diagnosis of typhoid fever. 

Tin Blood <>* " Whole, — \ 1. Coagulation and fibrin are 
normal. 

'2. Specific gravity follows the course of the haemoglobin. 

3. The general effects of fever (see above, page 158) are in 
put accountable for the changes next to be described, while 
some of them are more peculiar to typhoid fever. 

Red Cells. — Daring the first two weeks there are no consid- 
erable changes, except in so far as a certain amount of concen- 
tration of the blood with apparent increase of cells may be 
brought about by diarrhoea or sweating. Baths have a like 
effect if the blood is examined just after the immersion." In 
the third week the red cells usually begin to decrease and in ex- 
treme cases may get as low as 1,300,000 at the beginning of oosV 
nlaftetDet -it ., v.lien body weight begins to increase. Hayem 
considers that the diminution begins rather suddeuly in the 



1 U Senwlno MMirale. 18W), p 969 
"Antipyriti »nd arrUnititl have no effects o 
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middle or end of the third week of severe cases, but according 
to Thayer the diminution is gradual, though at first slight, grow- 
ing more rapid at the time of defervescence, and continuing 
often into convalescence. The lowest point is reached about the 
first week of convalescence. 

The following figures (Thayer) illustrate this. 

First week, Second week, Third week, Fourth week, Fifth week, Sixth week. 
2 counts. 10 counts. 9 counts. 6 counts. 7 counts. 

5,686,000 4,960,599 4,951,585 4,088,338 8,856,786 4.364,250 

His later counts show a gradual increase. He finds that the 
amount of anaemia bears, as a rule, a direct relation to the 
severity of the case, but in one of his cases a grave ansemia 
(1,300,000) followed a mild attack. a The anaemia may be severe 
enough to form of itself a dangerous complication of the proc- 
ess." 

Haemoglobin. — The loss of coloring matter roughly parallels 
that of the red cells, but is always relatively greater and is 
slower in reaching normal. 

Leucocytes. — The absence of any increase of the white cells 
is the most important point. 

Starting with an approximately normal count, the number 
falls during the fever, often below 2,000, according to Hay em, 
and sometimes below 1,000 per cubic millimetre. Khetagurow 
finds the lowest counts (2,500-3,000) about the end of the third 
week. 

Thayer's figures are as follows : 

First week. Second week, Third week. Fourth week. Fifth week, Sixth weak, 
21 counts. 60 counts. 40 counts. 28 counts. 16 counts. 5 counts. 

6,984 6,468 6,260 5,877 6.621 7,000 

In the two hundred and ninety-two cases counted at the 
Massachusetts General Hospital, the course of the leucocytes 
has unfortunately not been followed by weeks with sufficient 
accuracy to make comparisons of value. In a general way, 
however, they corroborate all of Thayer's positions. At the be- 
ginning of the cases the count was often high (11,000), owing 
probably to concentration of the blood by starvation and diar- 
rhoea. The high count of red cells confirmed this, the ratio of 
rod to white remaining normal. The counts of leucocytes then 
gradually diminished, as in Thayer's cases. 
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The range of the counts was as follows : 

Between 1.000 and 2.000 = ? cases. 

2,000 - 3.000 = 25 - 

3,000 - 4,000 = 2* - 

4,000 - 5.000= 52 " 

5.000 * 6.000 = 44 - 

6,000 - 7,000= 50 - 

7.000 - 8,000 = 28 - 

8,000 - 9,000= 25 - 

9,000 - 10.000 = 22 - 

10.000- 11.000= 7 - 

Over 11,000 = 4 - 

292 cases. 

From these figures I have excluded all cases counted only 
under circumstances likely to concentrate the blood (cyanosis, 
after baths, after severe diarrhoea). 

There is no doubt that leucocvtosis doe* occasionallv occur 
when no complication exists ho far as tct <yi/# ascertain during 
life. The four cases over 11,000 (see the above table) were all 
counted repeatedly and complications were carefully sought for, 
but none were found. The most striking case showed the fol- 
lowing counts : 

October 3d 13.100 

4th 13,000 

5th 16,500 

7th 13.300 

8th 11.200 

10th 10.6(H) 

13th 13.500 

15th 17,700 

17th 15.500. death ; autopRy. 

The autopsy showed typical typhoid lesions and nothing 
else. 1 Another and much milder case showed 11,000-12,000 
white cells constantly for over two weeks, and no cause could l>e 
found to account for it. 

The great rarity of such cases and constant association of 
leucocytosis with any of the numerous complications which wo 
can recognize, rather inclines me to the l>eliof that in all the 
cases in which leucocytosis exists constantly, some complication 

1 Thrombosis of internal veins and osteomyelitis were not carefully 
searched for at autopsy and may have existed. 
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really is present though unrecognized. The possibility of a 
secondary septic infection, of an osteomyelitis, or phlebitis of 
internal veins cannot be excluded without further evidence. 
Examples of the effect of complications are as follows : 
Per/oration. — Case I. (a) Five days before perforation, 8,300 

(b) At time of the perf oration, . 24,000 
Case II. At time of i>erforation, . . 18,500 

Phlebitis.— Case I. (a) Two days before onset, . . 6,400 

\b) At time of the onset, . . . 12,900 

(c) One week later, .... 10,100 
Case II. (a) One week before onset, . . 4,800 

(b) At time of onset, .... 16,200 

Otitis Media. — Case I. (a) At entrance, 5,300 

(b) Mastoid abscess, .... 16,400 

Case EL (a) At entrance, 8,400 

(6) Two weeks later, after open- 
ing drum membrane 
(sero-pu rulent d i s- 

charge), 11,200 

Case III. (a) At entrance, 7,320 

(b) Otitis, 14,000 

A freely discharging otitis soon ceases to cause leucocytosis, 
e.g., a case of serous otitis media seven days after puncture, 
but still freely discharged, showed but 5,320 white cells per 
cubic millimetre. 

An abscess of the buttock raised the count from 8,000 to 
11,200, and a hemorrhage from 8,000 to 11,300. 

General bronchitis has usually no effect in augmenting the 
leucocyte count unless the disease invades the smallest tubes 
(capillary bronchitis). Thus two cases of this affection showed 
9,000 and 8,000 leucocytes respectively. 
Cystitis had no effect in two cases. 

In two cases whose symptoms simulated otitis (deafness, 
rise of temperature, pain in the head, and in one a convulsion) 
but whose blood counts were normal, the trouble turned out to 
be functional and nothing came of it, the symptoms disappear- 
ing within twenty -four hours. 

Some observers ' have noted a slight leucocytosis at the be- 

1 Eg, Aporti and Radaeli (11th Congress for Medical Science, Rome, 
March 29th, 1894). 
12 
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ginning of convalescence. Thayer did not find this, and I hare 
been equally unsuccessful. 

It occasionally happens in very exhausted patients that com- 
plications fail to produce any leucocytosis, the patient (as in 
Home fatal cases of pneumonia or purulent peritonitis) being 
unable to react against the infection. For example, I have seen 
a large ischio-rectal abscess develop in a moribund typhoid 
patient without producing any effect on the leucocyte count. 
Von Limbeck has noticed the same lack of reactiou in typhoid 
patients after a hemorrhage and bronchopneumonia, and Rieder 
in croupous pneumonia occurring as a complication. 

These cases, however, are exceptional, and in many of them 
the percentage of adult leucocytes rises, though no increase in 
the total leucocyte count is present. This increased percentage 
of adult forms generally betrays the presence of the complica- 
tion, since during most of the disease (if uncomplicated) the 
adult forms are diminished. 

In normal cases the blood begins to return to normal as 
soon as the fever is gone and reaches the normal in the sixth or 
seventh week. 

Qtuilitutive Changes. 

Red Cells. — The condition is either normal or shows the 
changes common to all varieties of secondary antemia. 

Wlitie Cells.— All observers are agreed upon the following 
changes : 

1. The adult cells progressively diminish with a corre- 
sponding increase in the young cells. This change is but slight 
in the first two weeks, but grows marked in the latter part of the 
illness, the adult cells falling below fifty per cent. Among th& 
young cells the larger forms predominate. 

2. It is not until after the disappearance of fever (from three 
to ten days after it, according to Ouskow) that the adult cells 
Ix'gm to increase again and their normal percentage is not 
reached nut ill the tenth or eleventh week. Thayer's differential 
counts show : 



71.7 percent. WK per cent. 653peroent. W.Spercent. 53.4percent 
3. Eosinophils are present in small numbers. 
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Sum 



wry. 



1. Post-febrile antomia, sometimes very intense. 

2. No leucocytosis ; in late weeks leukopenia. 

3. Increased percentage of young leucocytes at the expense 
of adult forms, especially marked in later weeks. 

4. Most complications cause leucocytosis. 



Diagnostic Value. 

There are few diseases (outside of those known as diseases 
of the blood itself) in which the blood count is so often of value in 
diagnosis. The diagnosis of typhoid fever is to be made by ex- 
clusion — exclusion of other causes of fever and of local inflam- 
matory processes in particular. 

1. Now in this process of exclusion, the blood is a most 
powerful adjuvant, inasmuch as almost all focal inflammatory 
processes lutve leucocytasU, while typhoid (uncomplicated) does not, 
I have seen two cases in which the chart and symptoms pointed 
to typhoid but in which the persistent marked leucocytosis 
directed attention to the search for an inflammatory focus. Both 
were at first unattended with pain, tenderness, or other localiz- 
ing symptom, but later signs and symptoms began to point to 
the liver, from which pus was evacuated by puncture. These 
cases of almccm of the liver are typical of the value of blood ex- 
amination for any deep-seated suppuration. I have seen good 
clinicians puzzled for twenty-four hours over the diagnosis be- 
tween appendicitis and typhoid, but the indication of the blood 
count was always fulfilled. All pvsemic or septicemic processes 
are distinguishable from typhoid by the same test — the pres- 
ence of leucocytosis in the former. 

Of the value of the blood in distinguishing certain cases of 
pneumonia from typhoid I have already spoken on page 166. 

2. Aside from local or general pyogenic infections perhaps 
the disease most often confounded with typhoid is malaria. 
This is especially the case in the southern part of this country, 
where for want of proper blood examination the confusion of the 
two diseases is indicated in such a term as "typho-malarial 
f.'vcr." Malaria and typhoid are alike in having no leucocy- 
tosis, but the presence of the malarial parasite is an absolute 
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test ;i in I in marked cases is always decisive. Very mild cases 
of malaria may show so few organisms in the peripheral circu- 
lation that without prolonged search they cannot be found, and 
in the severest types of all, the organisms are not very abun- 
dant. In the vast majority of cases, however, the organism can 
be readily found ami our diagnosis made certain. 

3. Tulierculosis, if uncomplicated by any pyogenic organ- 
isms, cannot be distinguished from typhoid by the examination 
of the blood alone, as neither disease shows leucocytosis. 

A large proportion of young leucocytes is commoner in 
typhoid than in tuberculosis, but it may occur in either disease. 
In the majority of cases, however, tuberculosis is complicated 
with septicemia from a secondary pyogenic infection, and is 
then easily distinguished by the existence of leucocytosis. 

4. Typhimffvr has not been well studied and the reports of 
its blood condition are contradictory. At present we cannot 
say whether or not it cau be distinguished from typhoid by the 
blood examination. 

The occurrence of complications in typhoid may mask its 
characteristic blood changes so as to make the blood useless in 
diagnosis ; but in most early cases, in which the diagnosis is es- 
pecially important and difficult, the blood shows no leucocytosis 
and is therefore of great value in the exclusion of other diseases. 

DIPTHEHIA. 

Bacilli of diphtheria in the circulating blood are practically 
never to be found. 

The specific gravity, according to Grawitz, is above normal at 
the height of the disease. He obtained the same result experi- 
mentally by injecting cultures of the Klebs-Lofllor bacillus 
into dogs and rabbits. He concludes that the poison of the 
disease is lyruphagogic and so concentrates the blood. 

Ifctl Vnrputcka. — Morse's' investigations show an average of 
6,100,000 in twenty cases counted during the first week of the 
disease and of 5,160,000 in 10 cases during the second and third 
week of the disease— practically uonual figures. 

These are the first systematic " investigations of the red cells 

1 BoMOB Medical and Surgical Journal. March Ttli, 18B5. 
* Earlier reports are faulty a* to technique. 



in diphtheria and are confirmed by the reports of fining, Engel, 
and Hillings. The latter observer in counts made in seven wises 
during the first five days of illness found an average of 5,600,- 
000+ red cells per cubic millimetre. During the first five to ton 
days after this, the same cases showed au average loss of 510,000 
cells per cubic millimetre; five out of the seven showing consid- 
erable losses, two remaining about the same. These were cases 
treated without antitosin. The two cases showing no loss of 
red cells were both very mild, one having no membrane at any 
time. The diminution ranged from 470,000 (third day) to 
2,040,000 (sixth day). As a rule no diminution can be made 
out until after the third or fourth day. 

Out of twenty -three cases treated with antitoxin and each 
counted several times over, only three showed any considerable 
diminution in the red cells and these lost less than 400, 0(H) 
each, not much beyond the limit of error (200,000) allowed for 
by the investigator, and all of them severe oases. Six patients 
who were amvmic wheu admitted (average =4, 640,000) showed a 
steady rite in the red cells as the disease (treated with anti- 
toxin) progressed. 

It is evident from these figures that antitoxin largely pre- 
vents the antenna which usually develops in the first five to teu 
days. In cases not treated with antitoxin the regeneration 
from the resulting aniemia is slow. Healthy individuals in- 
jected with antitoxin showed a very moderate reduction in the 
red cells iu about one-half the cases, the greatest loss being 932,- 
000 per cubic millimetre (fifteen cases counted by Billings). 

Qualitative (Amiga, — Billings' careful study of stained speci- 
mens showed no deformities in size or shape and no nucleated 
red cells. Polychromatophilic red corpuscles were very few in 
the cases iu which antitoxin was used, but more numerous where 
it was not used, 

Wmtiogfabin. — Here again the most thorough investigations 
are those of Billings. In cases treated without antitoxin there 
was an average loss of ten per cent, regained in part during con- 
valescence, but as usual reaching normal later than the count 
of corpuscles. When antitoxin was given, the diminution of 
hemoglobin was less marked, but where the decrease did occur 
the return to normal was slow compared to that of the red cells, 
even when the patients were up and about and apparently well. 
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While Corpuscles. — Leaving out the older observations i 
which the technique was probably faulty, the principal invest t- 
gators are Morse, Swing, Gabritschewsky, anil Billings. 

All agree that a considerable leucocytosis is present in most 
cases — 34 out of 36 of Billings' cases, 26 out of 30 of Morse's (the 
latter made but one count in each case), 49 out of 53 of Ewing's. 
In a general way, the severest cases show the greatest leucocy- 
tosis, but it does not follow the pulse, temperature, nor the ex- 
tent of the membrane, and " the ordinary clinical examination 
of the patient is of much greater value in . . . prognosis . . . 
than any information to be gained from the examination of the 
blood. The latter is simply confirmatory, never indispensable" 
(Billings). Morse's conclusions are the same, although he con- 
siders that with notable exceptions the amount of membrane is 
a rough measure of the degree of leucocytosis. He finds no 
correspondence between the glandular swellings and the degree 
of leucocytosis, though he noted that " in the fatal 'septic' cases 
with greatly enlarged glands," very high counts were present. 
Other oases with little or no enlargement of glands showed 
equally high counts, however. 

Ewing's 4 cases without leucocytosis were all mild, but of 
Billings' 2 cases without leucocytosis one was the severest of 
his whole series, while the other was mild. Of Morse's 4 cases 
without leucocytosis 3 were mild and 1 severe. Gabritschew- 
sky 's 14 cases all showed leucocytosis. 

Putting the results of these four observers together we see 
that when leucocytosis is absent the cases are either very mild 
or very severe, conditions analogous to those to be noted in pneu- 
monia and septicemia. The counts in recent epidemics range 
from normal to 48,000 (Morse) or to 38,600 (Billings). Felsen- 
tlial ' fouud 148,229 per cubic millimetre in one case, and 
Boucbut's ' counts are often over 75,000. 

In a general way the counts rise while the disease progresses 
and fall gradually as improvement goes on, disappearing after 
the membrane. "The leucocytosis is well marked by the third 
day and very likely earlier" (Morse). Billings found an in- 
crease after one day's illness, but usually less than was present 
later in the disease ; one of his cases, however, had a higher count 
J Archiv (. Kinderheilk., vol. iv.. p. TO. 1698. 
1 Compte* BeDilos, 1677. lxxv., No. 8. 
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on the first day of the disease than on any subsequent day, 
though 110 antitoxin was given. 

The injection of antitoxin has apparently no effect upon 
the leucocyte count (strange to say) except in the first twenty- 
four hours after its use. Immediately, i.e., within thirty min- 
utes after an injection, the leucocytes are stated by Ewing 
to be considerably diminished, but the leucocyte curve does 
not reach uormal any sooner than in cases iu which no anti- 
toxin is given, although it begins to fall in the majority of cases 
after the injection. The same thing (according to Billings) 
takes xilace without antitoxin. 

The leucocytes of healthy persons are likewise unaffected 
by antitoxin injections. 

Qualitative Changes.— &\\ authors agree that in most cases 
the adult forms are increased. Morse found au average of 80 
j«r cent in 26 of his 30 cases. Of the other 4, 1 was normal 
and 3 subnormal (58, 59, and 59 per cent) ; 2 of these were con- 
valescent, the other had been sick a week and had 12,000 white 
cells per cubic millimetre. A similar lymphocytosis was present . 
in 1 of Ewing's 53 cases, and in 1 of Kieder's during convales- 
cence. Billings thinks such a lymphocytosis may be present 
in perfect health, mentioning cases with 32, 33, and 35 per cent 
of small lymphocytes in sound persons. Such a condition did 
not occur in any of his diphtheritic cases except in the single 
fatal case without leucocytosis. Here the adult cells were re- 
duced to 55 per cent and the lymphocytes (large and small) 
made up the remaining 45 per cent, 28 per cent being large 
forms. 1 In the rest of his cases the adult varieties averaged 80 
per cent and the young forms 19 jier cent, the eosinophils 
being reduced to 1 per cent on the average and often being en- 
tirely absent. With Morae eosinophiles averaged 2 per cent. 

The proportion of adult cells is usually directly proportional 
to the total increase of leucocytes. 

Ewing thinks that "the staining reaction of the leucocytes is 
an accurate measure of the severity of the diphtheritic infec- 
tion," and this staining reaction he finds increased in favorable 
cases by the injection of antitoxin. 

1 In Rieder's eaBe above referred to. aged three years, the young cells 
rose from nineteen per cent during the (ever to sixty-four per cent in 
convalescence. 
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Billings did not find any such changes in " staining reaction," 
though he carefully followed out Swing's procedures. 

Eugel ' found that antitoxin at first slightly increased the 
percentage of young leucocytes, and sometimes this increase 
was very marked. In one case the young forms increased from 
twenty-four to sixty-five per cent after antitoxin. 

The point on which he specially insists is the presence of 
considerable numbers of myelocytes in fatal cases. 

Of the 3'2 cases examined by him 15 died, and 7 of these had 
from 3.6 to 16.8 per cent of myelocytes in every one hundred 
leucocytes. Myelocytes were also present in some of the cases 
which recovered, but in smaller numbers (1.3 to 1.5 per cent.) 

In one case he found on the third day of the disease 4.3 per 
cent of myelocytes, and from this point the percentage gradually 
rose to 13.8 per cent, and then fell, there being 1.7 per cent 
present at the time of death. An abscess occurring in the case 
showed only the usual adult leucocytes (polymorphonuclear) in 
its contents. He concluded that a largo percentage of myelo- 
cytes is a bad prognostic sign in any case. 

Myelocytes are not mentioned in any of the numerous dtffW- 
antia] oonntB made by Oabritschewsky, Ewing, Morse, and Bill- 
ings, so that Bagel's observation is so far unique. 



Summary. 

1. Moderate anicmia, especially in cases treated without an- 
titoxin. Regeneration is slow. 

2. Leucocytes is, very roughly parallel to the severity of the 
disease, unaffected by antitoxin treatment, gradually decreas- 
ing as the disease passes off, sometimes absent in very mild or 
very severe cases. 

3. Adult leucocytes much increased during febrile stages, 
often diminished in convalescence. 

4. Myelocytes numerous in some severe cases. 

The blood examination has no diagnostic value so far as I 
can see; in prognosis the absence of leucocytosis (except in ob- 
viously mild cases) and the presence of many myelocytes are ap- 
parently bail signs. 

'Soc. f. inner. Mtil., Berlin , July 6tli. 1896. 



CHAPTER IV. 

ACUTE INFECTIOUS DISEASES (CONTINUED). 

SCARLET FEVER. 

Heubner 1 noted haemoglobinaemia in one case. Fibrin is 
not increased even at the height of the fever, provided inflam- 
matory complications are absent. 

Red Cells. — Very little is to be found in literature upon the 
subject. Kotschetkoff ' noted a gradual diminution of the red 
cells to about 3,000,000, regeneration taking place in the course 
of not less than six weeks. Other observers have found little 
or no ansemia. 

Hayem ' estimates the average loss of red cells at 1,000,000. 
In mild cases he finds the lowest figures on the first day of 
normal temperature. In severer cases in which the .fever comes 
down slowly, the red cells may not reach their minimum till 
twenty-four hours after reaching the normal temperature. 

Felsenthal 4 in six cases found the count to be 4,500,000 to 
5,500,000 — no considerable variation from normal. 

Zappert ' in six cases found it to be from 3,920,000 to 4,- 
500,000, an average of 4,150,000. 

White Cells. — Most observers are agreed that leukocytosis is 
the ride, contrasting in this respect with measles, in which no 
leucocytosis occurs. The increase may be present even six days 
before the rash appears and attains its maximum two or three 
days after the eruption. In light cases it may sink to normal 
even before the fever is gone, while in severer cases it may per- 
sist several days after a normal temperature is reached. Von 
Limbeck had a case in which the leucocytosis persisted for 

1 Deut. Arch. f. klin. Med., vol. 28. 

» Ref. in Petersburg, med. Woch., 1892, 1. 

* Loe. dt. % p. 914. 

4 Arch. f. Kinderheilk., 1892, p. 80. 

• Zeit. f. klin. Med., 1898, p. 292. 
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twelve dayB after the temperature had become normal. Forty 
thousand per cubic millimetre is not unusual in well-marked 
cases, Rieder's ten cases averaged 17,500; Felsenthal's six 
counts were between 18,000 and 30,000. 

In a general way the severest cases are apt to have the high- 
est leucocyte counts ; the figures have no direct relation to the 
amount of fever, glandular swelling, or to complications in the 
ear or kidney. 

Qualitative Changes. — The adult forms are increased, often 
to ninety per cent, soon falling except in the worst cases. The 
peculiar characteristic of the disease is the persistence of eosino- 
philes in all but the severest cases despite the increase of adult 
forms. They may run as high as five per cent during the fever, 
and are still more numerous in convalescence, remaining in- 
creased for six weeks. According to Kotachetkoff, disappear- 
ance of eosinophils is a bad prognostic sign except at the very 
beginning of the fever, when they may be temporarily absent in 
favorable cases. Presumably they have some connection with 
the exanthem, eosinophilia being so common in connection with 
skin lesions. They may number fifteen per cent of the leuco- 
cytes in convalescence. Felsenthal's average is five per cent. ; 
Zappert's, three per cent. The young cells are decreased pro- 
portionately to the severity of the case, the worst cases showiug 
only two to four per cent. 

An increase of eosinophils during a scarlatinal nephritis is 
regarded by Neusser and his pupils as a favorable sign, and their 
absence as ominous. In ordinary cases without nephritis they 
reach their maximum in the second or third week and are not 
normal till the sixth. 

Summary. 

Moderate amentia. 

Leucocytosis beginning before the eruption and often lasting 
into convalescence. 

Eosinophiles increased in favorable cases, absent in bad 



Diagnostic anil Prognostic Value. 
1. The chief importance of the blood examination is in dis- 
tinguishing the disease from measles and the eruptions of other 
Measles has no leucocytosis. 
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2. "Whether the prognostic significance attached by Neusser 
and others to the percentage of eosinophiles is genuine or not 
cannot as yet be positively stated. 

MEASLES. 

In mild cases the blood shows no changes at all. Where 
bronchitis, coryza, and conjunctivitis are very marked, fibrin 
may be increased. 

Red Cells. — In mild cases no clutnge — never over 400,000 or 
500,000 red cells are lost (Hayem). Felsenthal's eight cases 
showed counts of 5,000,000 to 5,500,000. 

White Cells. — In most cases there is no increase. Felsenthal 
in eight cases found the count normal or diminished. Pee. 
found but 4,000 in a case with a fever of 102.7°. Kieder's eight 
cases averaged 7,500, being lowest at the height of the disease 
and increasing as fever passed off. Complication with catarrhal 
pneumonia or a very bad bronchitis and coryza may slightly 
raise the count. The eosinophiles, contrary to the example of 
scarlet fever, are often absent during fever. 

The Massachusetts Hospital records furnish the following 
counts: 




Red will. 


While cells. 


Percenlaw 
iucrooglnbln. 


Remwks. 


Casel 

" a 

" 8 

■ 4 


5.000,000 
4,700.000 


8.000 
fl.GOO 
7,000 
8,000 


'oo' 
n 


Eruption out 1 day 
™ " 8 days. 

Petechial eruption 
("black measles"). 


Felsenthal found the adult cells much increased and eosino- 
philes never over one per cent. I have seen no other full differ- 
ential counts in the disease. The value of the blood examina- 
tion is considerable in excluding scarlet fever, diphtheria, and 
syphilitic roseola, all of which show leucocytoBis. It cannrjt 
apparently be distinguished by the blood count from B&tkeln 
(German measles) in two cases of which, seen at the Massa- 
chusetts Hospital, the white cells were 6,000 and 8,000 respec- 
tively. 

A single case of mumps showed no leucocytosis. 



SPECIAL PATHOLOGY OF THE BLOOD. 



SMALLPOX (VARIOLA). 

Red Celts, —According to Hay em no other fever is bo de- 
structive of red cells. During the fever the count is normal or 
increased, but when the temperature falls permanently the nuni- 
ljer of red cells falls suddenly, whether because the blood is 
diluted (see above, page 158) or by a real destruction. From 
this time on the cells are bIowIv regenerated; even at the 
fifteenth day Hayem found them considerably below normal. 

In hemorrhagic cases the amvniia conies on more quickly, 
its degree depending on the amount of hemorrhage. In one 
case, dying on the seventh day of the eruption, Hayem found 
but 2,000,000 red cells, in another at the same stage, 4.fi00,000. 

Fibrin is not increased until the stage of suppuration is 
reached. 

White Corpuscles. — Pick, who carefully studied 42 cases, 
found that the very lightest cases, snch as occur in vaccinated 
persons, may cause no leueocytosis. In a woman of twenty- 
two on the third day of illness with a temperature of 105°, the 
count was only 4,200 and on the fifth day (temperature 99 ) 
3,600. This patient had been vaccinated. 

Severe cases if without complication show no leucocytosia 
till the pus appears in the vesicles, and after this period the leu- 
.'iK'vtiisis s|mv]y sinks again. For example, on the fifth day of 
the illness, leucocytes 4,200; at the beginning of suppuration, 
11,600 (eighth day) ; at the height of suppuration (tenth day), 
17,200; at the thirteenth day, pustules drying up. leucocytes 
7,000. 

In the severest types, the leucocytes follow about the same 
course, there being no leucocytosis whatever in the initial or 
OUyttn stages. Only when the infection with pus organisms 
begins do the leucocytes rise, the poison of variola itself having 
apparently no tendency to increase the count. The amount and 
duration of the increase at the stage of suppuration is in a gen- 
era] way proportional to the severity of the case. 

ACUTE ARTICULAR RHEUMATISM. 
According to Hayem and Oarrod ' the blood constitutes as in 
syphilis a most valuable measure of the intensity of the sickness, 
1 British Medical Journal. May 3«th. 1893. 
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which is parallel to the severity of the blood-changes rather 
than to the rjuml>er of joints affected. The fever, the intensity 
of the lesions, and the state of the blood run parallel, in a gen- 
eral way, but the decree of amentia is a more delicate index of 
the patient's condition than even the temperature chart (Garrod). 

The Blood as a Whoh. 

Fibrin is greatly increased. In no other disease except in 
pneumonia is the network thicker or more rapid in formation. 
According to Maclagan, this is to be explained by an increase of 
tissue metamorphosis. Coagulation, on the other hand, is not 
tjuicker but slower than usual. 

Lactic acid is present in excess, but cannot be clinically es- 
timated, nor is its excess peculiar to this disease. 

The alkalinity of the blood had been reported diminished, hut 
the technique is not considered reliable by the best observers. 

Red Cells. — Hayem ' and Osier * state that the poison of acute 
rheumatism is a powerful and rapid destroyer of red cells. In 
acute cases, according to Hayem, the red cells lose at least 
1.000,000 of their number and in cases which drag along and re- 
lapse the loss is from 1,500,000 to 2,000.000. When an attack 
is cut short by salicylate treatment the drain on the corpuscles 
is stopped. 

So far as can he judged from the figures in Table XIII. of 
the Massachusetts Hospital cases this diminution does not seem 
to occur in all cases. Many of these cases had been Bids some 
weeks before the time when the count was made, yet the counts 
are not very low. In the eight cases which have been sick over 
twenty days, the average of red cells is 4,462,000; in those sick 
between one and twenty days, 4,540,000 ; and in the whole group 
of cases, 4,400,000. The lowest count was 3,608,000. Accord- • 
ing to Hayem 4,000,000 is the usual count in acute cases and 
3,000,000 to 3.500,000 in those which drag on and relapse. 

Quatita tiv t C'/»i>fi/t-N,--Maragliaiio'8 so-called degenerative 
changes in the red cells have been observed in this disease, but 
are not very marked. Deformities and nucleated corpuscles 
apiwar only when the anteiuia is very marked. 

IIuiiKHjlohin. — As in all secondary amentias the corpuscles 
get thin and pale l>efore they die, and hence the coloring matter 
' Loc. et(. , p. 817. * " Practice of MeJiciue, " 1B95. 
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is diminished more than the count. The average hremoglobin 
percentage in this series is sixty -seven, and the color index .76. 
Hayem noted that, in some cases daring convalescence, as the 
red corpuscles slowly increase the color index remains low or 
even goes lower still. 

Leucocytes. —All observers agree that lencocytosis is the rule 
and that its degree is roughly parallel to the acnteness and 
severity of the attack (the individual's vigor of reaction is al- 
ways a factor) and the amount of fever. The following tables 
illustrate the variations of the leucocytes in a fairly typical way: 
Table XIII , A — Acutb Articclah Rheumatism. 




Id*}-' 

idar- 



1 wr*k. 

I'M;, ft. 



Tender vnl liot. 




One Joint emlj *f- 



Npt. IOi b, 180S. 
Dec. IK, IBM). 



■ ( .'s.~..i..j 
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Table XIII., B.— Subacute Articular Rheumatism. 



No 



1 
8 
8 
4 

6 
6 



Age. 


Sex. 


Redoells. 


White cells. 


96 
80 
88 
88 
Adult 

u 


M. 
P. 
P. 
F. 
M. 
F. 


4,750,000 
4,644.000 

f 
4,684,000 
4,016,000 
4,188,000 


16,000 

18,000 

10,600 

8,000 

6,800 

6,760 


Ave 


ra«e = 


4,400,000 


0.760 



Peroent 
haemoglobin. 



60 

68 

t 

75 
41 
78 



68 



Table XIII., C.— Chronic Rheumatism, Chiefly Articular. 



No. 


Age. 


Sex. 


Red cells. 


White cells. 


Percent 
haemoglobin. 


— r 


1 
8 
8 
4 
5 
6 


78 
19 
88 
68 
80 
80 


P. 
F. 
P. 
M. 
F. 
M 


f 
6,848,000 

f 
4,744.000 

? 
5,676,000 


7.800 
8,800 
6.400 
6.600 
6,100 
0,800 


t 
45 

t 
60 

f 
68 










Average = 


7,400 







Table XIII., D.— Muscular Rheumatism. 



No. 


Age. 


Sex. 


Redoells. 


White cells. 


Percent 
haemoglobin. 


Remarks. 


1 
8 
8 
4 
6 
6 


46 
54 

88 
54 
87 
85 


M. 
M. 
M. 
M. 
F. 
M. 


4,580,000 
4,860,000 

f 
8,880,000 

f 

f 


7,500 
7,500 
6,600 
14,000 
6,000 
5,700 


70 

75 

t 

58 

f 

M 


During febrile attacks. 
Lumbago. 

M 








Average = 


7,500+ 







The average leucocy tosis in the acute cases is 16,800 ; in those 
mild and more chronic, so-called "subacute" cases the leuco- 
cytes range lower, averaging 9,760; while in chronic rheuma- 
tism, whether articular or muscular (including lumbago), there 
is no increase at all (average =7,450). 
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Summary. 
Anaemia witli leucocytosis, the degree of which is a measure 
of the severity of the infection. Fibrin much increased. 

Diagnostic I 'nine. 

The blood tells as little if anything that could not be learned 
iu other ways. It does not differ at all from that of a septic 
ortAflfw, or from that of acute goiiorrliceal arthritis. 

The only cases that I rememl>er in which a blood examina- 
tion has been valuable are the following: 

Case I. — The patient had muscular pains, fever, and a his- 
tory of a malarial attack some months earlier. The question 
to be decided by the blood examination was between malaria 
and "rheumatism." The leucocytes were 23. OOOper cubic milli- 
metre. which made it clear that the case was neither malaria 
nor "rheumatism," since the former never increases the leuco- 
cytes and the latter could only give so high a count in case 
genuine articular inflammation were present. The case turned 
out to be cronpoas pneumonia which the high leucocyte count 
strongly suggested. 

Case II.— Patient presented symptoms and signs of acute 
I joly articular rheumatism with fever. The fever came down 
under salicylates, but soon rose again, and the man became 
wildly delirious. His delirium persisted after the salicylate 
was stopped. Several joints continued swollen aud tender. The 
fever was very moderate, ranging between 99 s and 101°. There 
were no rose spots aud no spleen. The question arose as to 
whether it was a case of sepsis with localization in the joints, or 
whether it was a case of typhoid supervening on an arthritis of 
some kind. The bloral count, which was repeated several times, 
always showed a perfectly normal blood except for a slight an- 
nmiia. The subsequent course of the case, during which he re- 
mained for nearly three weeks more or less delirious, made it 
clear to Dr. F. C. Shattnck, under whose care the patient was, 
that the diagnosis was typhoid. 

Chronic rheumatism (muscular or articular) prodnces no 
constant blood changes appreciable by clinical methods (se 
Table Xffl., C and D). 

ASIATIC CHOLERA. 

In no other disease so far as I am aware has an acid 
reaction in the blood been reported. This is at the end of 




ERYSIPELAS. 

life. All observers agree that the alkalinity in at least greatly 
reduced. 

Our knowledge of tlie corpuscles is best summed up in 
Bieruacki's ' study of thirty -eight cases. 

Red Cells. — In the stadium a/gidum, or stage of collapse, moBt 
of the symptoms are due to the great concentration of the blood 
from the loss of serous fluid in the stools. Hayem found the 
increase of red cells from this concentration to amount to from 
1,000,000 to 1,500,000 per cubic millimetre. 

Biernacki ' found 7,062.500 in one case twenty-four hours 
after the beginning of the disease. The specific gravity may be 
as high as 1071 or 1072. 

White Cflh. — Leucocytosis is present, not merely as the 
result of concentration, but as a genuine increase to at least 
double the normal count. Biernacki found that cases with par- 
ticularly high counts (40,000 to 60,000) were soon fatal, so that 
he considers a marked leucocytosis in the algid stage as a bad 
prognostic sigu, although patients also die with low leucocyte 
counts in this period. Such a leucocytosis does not occur in 
ordinary diarrhoea or dysentery. 

Leucocytosis is present as early as twelve hours from the 
first Bymptom and lasts at least as late as the sixth day. In the 
stage of reaction it usually decreases. In one very mild case 
reported by Biernacki there was not only no increase, but leu- 
copenia (4,375 per cubic millimetre). 

The differential count shows from eighty-two to ninety-five 
per cent of adult cells and a corresponding diminution of the 
young forms. 

ERYSIPELAS. 

Ealla, Pee, Reinert, Kieder, and v. Limbeck agree that leu- 
cocytosis is usually present in well-marked cases. Von Lim- 
beck finds the " leucocyte curve" to run roughly parallel with 
the temperature chart, sometimes beginning to fall a little before 
the latter. The counts rarely ran very high, yet Reinert 
counted 39,(527 in one case. Pee noted that the leucocyte count 
increases only while the process is spreading and that the size 

■Dem. mod. Woch.. 1896. Wo. 48. 
13 
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of the count was a tolerably accurate measure of the severity of 
the case. 

Rieder found in seven cases an average of only 15,000 per 
cubic millimetre despite very high temperatures. In one cast* 
the leucocyte couut remained high after the tem[>erature li.nl 
fallen, but in the others it anticipated the temperature. In one 
mild case he found no leucocytosis. Adult cells are greatly in- 
creased as in other forms of leucocytosis. Hay em noticed the 
h.i Hi'- dependence of the leucocyte count upon the severity of the 



In five cases at the Massachusetts General Hospital I found 
17,000, 14,000, 12,700, 7,250, and 6,200, the last two very mild 
cases. The count of leucocytes seemed proportional to the 
severity of the affection. 

When the disease occurred in " scrofulous" cases, Hayem 
found only 7,000-8,000 leucocytes per cubic millimetre, while 
in cases with very extensive process and high fever 12,000-20,000 
were present. He found also a loss of 500,000-1,000,000 in the 
count of the red cells, according to the severity of the case. 
This showed itself particularly just before the fall of the tempera- 
ture. I have seen no reference by other writers to the condition 
of the red cells in this affection. 

TONSILLITIS (FOLLICULAR). 

Halla,' Pick," and Pee ' found leucocytosis as a rule in un- 
complicated follicular tonsillitis; Rieder found it in a case 
complicated with acute nephritis. 

The following table confirms those observations in the main, 
though in mild cases no leucocytosis was present. 

The blood examination has no diagnostic value so far as I 
am aware. It is worth knowing that a simple tonsillitis can 
cause leucocytosis, to the end that if such is discovered on blood 
examination we need not suppose that some other process is 
present to account for the increase. 

1 Zeitschriftf. Heillcunde. 1888. p. 198. 

' Prag. raed. Wocli. . 1880, p. 808. 

' Pee i Inaug. Dissert. , Berlin, 1800, p. 8. 
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Table XIV.— Tonsillitis. 













Percent 


© 


Age. 


1 

F. 


Red cells. 


White cells. 


haemo- 


K 








globin. 


1 


30 


4,750,000 


16,000 


80 


2 


27 


M. 


4,556,000 


15,500 


67 


3 


Adult. 


F. 


4,860,000 


14,000 


« • 


4 


30 


M. 


4,730,000 


18,500 


76 


5 


24 


F. 


5,000,000 


13,500 


68 


6 


Adult. 


M 




18,500 




7 


• ■ 


M. 


4,952,000 


12,250 


94 


8 


24 


F. 


5,816,000 


11,900 


65 


9 


• a 


M. 


5,000,000 


11,800 


90 


10 


19 


F. 


4,552.000 


11,600 


52 


11 


18 


M. 


5,150,000 


11,500 


83 


12 


22 


F. 


5,016,000 


9,600 




13 


Adult. 


F. 


4,200,000 


5,800 


60 


14 


23 


F. 




7,925 


52 







Remarks. 



Temperature 101° 
Six days ; slight. 
Follicular. 
Convalescent. 
Follicular. 



Streptococcus; slight articu- 
lar rheumatism. 
Follicular. 

Chronic recurrent; out in 
two days. 

Follicular. 

Follicular; slight; tempera- 
ture 99° next day. 



GRIPPE. 

The references in literature to the blood of grippe are very 
scanty. Orion (Archiv. d. Mkd. milit., 1890, p. 280) found 
fibrin increased during the early days of the disease. Kieder 
(JtUnch. med. Woch., 1892, XXXIX.) found no leukocytosis in 
grippe and but little in the " catarrhal pneumonia" following 
it. 

In the following table it is evident that the red cells are not 
perceptibly affected and that the leucocytes remain normal in 
at least three-quarters of the cases. Only seven of the thirty 
cases showed leucocytosis, and in one or more of these some 
complication was very possibly present. This is of impor- 
tance in excluding pneumonia and heal inflammatory condi- 
tions. The blood does not help us to distinguish the disease 
from typhoid. From malaria it may be distinguished by the ab- 
sence of malarial organisms. In one case (No. 30, Table XV.) 
after an operation for traumatic epilepsy, the temperature rose 
to 104°, with a chill, and the question of meningitis was consid- 
ered. The absence of leucocytosis excluded the meningitis and 
the attack turned out to be grippe, which was just then very 
prevalent. 
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Table XV.— Grippe. 












Percent 






Ag* 


i 


Red cell*. 


WhU" Will. 


lllBIIlO- 


Hiwuii 


K 








globin. 




1 


87 


M 




14,200 




18th, coarse rales in both 














cheats; chlorides ditnin- 
























0.200 




15th. 


s 


Adult. 


H. 


4,840,000 


14.400 




And bronchitis. 


8 


33 


M 


5,111,200 


12.800 


67 


Pharyngitis ; cough ; consid- 
erable sputa ; constipated. 


4 


88 


F. 


4. 771. TOO 


12.100 




With pharyngitis. 





Adult 


V. 


4.1(44,11011 


12,000 


62 




) 


82 


F. 


& 800,000 


11.500 


85 




7 


27 
BO 


F. 

F. 




11.100 
10, BOO 




Pine rales and increased 


e 
















voice sounds. 





18 


F. 


3.730.000 


10.400 




11th, hysteria (f) ; tempera- 
ture. 108°. 








3,102.000 


7,000 


57 


27th, 30th, chill; cyanosis; 
weak rapid pulse ; 83 per 
cent of adult cells; autopsy. 














10 


19 


M 




10,300 






n 


Adult. 


H. 


4.050.000 


10.000 






u 


85 
40 


M 

M 




9.800 
9.400 




Subacute laryngitis. 


13 


s.wn.ooo 


14 




F. 


-I.SWMMKI 


0,300 






10 


Adult. 


F. 


4.1100,1100 


9.000 






IS 


81 


M. 


■Villi, ikhi 


0,000 






17 


83 


F. 


4,'JIXI.IKKI 


8,000 


25 




18 


23 


M 


r>,5iKi,imo 


7,400 






IB 


95 


M. 


5.616,000 


6,800 






90 


Adult. 


M 


4,-JlOOOO 


6,800 




With dry pleurisy. 


21 


42 


M. 


B, 886,000 


6.000 






82 


24 


M 


4.052.000 


6.000 






M 


Adult. 


M 


4.558,000 


5,600 






24 


80 


M 




8,300 






as 


Adult. 


M. 


\mm, 


4.600 






26 


44 


M. 


.-..lin.-.mx.i 


4,550 






97 


81 


M 


5.424.04X1 


4.000 






28 


Adult. 


M. 


5.960,000 


8,500 






H 


M 


F. 


5.488.000 


8,144 






SO 








2,600 




Temperature 104' ; ten days 














after a head operation ; 














question of meningitis. 




SEPTICEMIA. 


Puerperal eeptics 


'mi a, infected wounds, septic arthritis , 


septic endocarditis, l 


eneral infections with pyogenic bacteria, 


"pyaemia," are all i< 


entical so far at* their effects on the blood 


are concerned, and wi 


1 be considered together under the general 


head of Septicaemia. 





SEPTICEMIA. 



Bacteriology of lite Jil-H"!. 

Cocci can be demonstrated in cultures from the blood of sep- 
ticemia more frequently than in any other class of infectious. 
Bosenbach ' in 1884 found streptococci and staphylococci in 
sepsis. Garre ' in 1885 found the last-named coccus in a case of 
osteomyelitis. In 1890 v. Eiselsberg' found staphylococci in 
tea cases of septic wounds and one case of osteomyelitis, and 
streptococci and staphylococci together in five more cases whose 
wounds had become septic. 

Czerniewsky,* Stern and Hirschler" found the same organ- 
isms in puerperal fever, the former observer in five cases. 

Brainier,* Hoff,' and Blum'' found pyogenic staphylococci 
id pyiemia and Bepsis, and Saenger/ Rous and Lannois," 
Cantu," and Bonimers " hail equal success, each in a single case. 

Canon" and Sittiuaun " investigated large numbers of cases 
with many positive results, and Grawitz " and Petruschky " were 
successful in finding pyogenic cocci in the blood of cases of 
ulcerative endocarditis as well as in other septic iufections. 

Taking the results of all these invest i gators together, it seems 
evident that in the majority of cases of septicemia, blood cul- 
tures, taken according to the directions on page 35, show the 
presence of pyogenic organisms, and that iu many obscure septic 
cases the diagnosis may be greatly facilitated by such an exam- 
ination. Negative results are of course very far from excluding 

1 "MicroorgamRmen b, d. Wundinfectionakrankheiten," etc., Wies- 
baden, 1884. 

I Fortach. d. Med.. 1885. No. fl. 
'Wien. klin. Woch.. 1890, No. 80. 
' Arcliiv f. Gynakol., 1888. No. 88. 
' Wien. med. Preaae. 1888, No. 28. 

* Wien. klin. Woch.. 1891, No. 90. 
' Dissert.. Straasburg, 1890. 

* Munch, med. Woch,. 1893. No. IB. 

* Deut. med. Woch. . 1889, No. 8. 
'" Revue de M6d. . 1800. No. 12. 

II Rif. Med.. 1892, No. 98. 
" Deut. med. Woch. . 18B3. No. 16. 
" Deut. Zelt f. Chirurg., 1803. p. 871. 
"Deut. Arch. f. klin. Med., 1894, ji. G78. 
"Charite-Annalen, 1804. vol. 1ft, 
» Zeit f. Hygiene, 1894, pp. 50 and 418. 
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septicaemia, but positive ones are sometimes of great value if 
proper precautious are takeu iu the technique of the examina- 
tiou. Iu the diagnosis of malignant endocarditis, often I EKHt 
difficult one, Grawitz thinks blood cultures are especially im- 
portant and likely to prove positive when the disease is present 
(see Diseases of the Heart, page 265) . 

Bed Cells. — All observers agree that very marked auioiuia is 
present in severe cases. Koscher's' investigations tend to show 
that the diminution in red cells in septicaemia is greater than io 
any other infective disease, and appears in a shorter time. He 
found such a diminution present no longer than a few hours from 
the beginning of the illness. He finds the amount of anaemia 
proportional to the severity of the case, and (reckoning by means 
of tin; estimated solid residue) concludes that whenever the blond 
has lost one-quarter of its substance or more, death follows. 
He considers, therefore, that help as to prognosis is given us by 
the blood examination in septicemia. 

The serum l>ecomes very watery, partaking of the general 
atrophy of the blood tissue. In a case of intensely acute puer- 
peral sepsis Grawitz found the red cells reduced to 300,000 ( ! ) 
although the patient had been sick less than twenty-four 
hours. The case seems almost iucredible, but is reported in 
great detail in the author's recent text-book, to which reference 
has so frequently been made. He accounts for it by the combi- 
uatiou of blood destruction and dilution. 

Iu the nine cases of puerperal sepsis seen at the Massa- 
chusetts General Hospital in recent years the red cells averaged 
3,780,000, which is very low, considering the shortness of the 
illness in most cases. (The influence of hemorrhage during 
parturition must of course be taken into account.) 

In most of the septic wounds which I have Been the counts 
have not tieen low. But in one case of septicemia from a sup- 
purating fibroid of the uterus the red cells numbered only 
1,800,000. 

The iKeirw'jhAiin is usually diminished about as much as the 
corpuscles. According to Bond it tends to crystallize about the 
edge of a slide and cover-glass preparation of the fresh blood. 

Dif'.mu'ti'x in the shape aud size of the corpuscles are not 
usually present except in the severest cases. 
1 Inaug. Dissert., Berlin, 1SSI4. 
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Table XVI.— Puerperal Septiosmia. 



6 


Age. 


H 

«2 

F. 
F. 


Red cells. 


White cells. 


Per cent 
hemo- 
globin. 


1 
2 


21 
29 


2,800,000 
8,900,000 


26,000 
28,900 
21,000 
9,500 
15,500 


68 

• • 

• • 










15,000 
11,800 


» . 


8 


28 


F. 


8,784,000 


22,000 
13,600 

8,800 
15,800 
14,900 
15,000 

9,500 


55 


4 

5 

6 

7 


25 
82 
24 

• • 

19 
26 


F. 

F. 

F. 
F. 

F. 
F. 


2,986,000 
4,904,000 
8,556,000 


20,000 

21,000 

19,800 

9,800 

18,400 

Marked 

increase. 

9,000 

5,600 


50 

• • 

• a 

• • 

• • 

• • 


8 




9 


5,368,000 



Remarks. 



Two days before delivery. 

Day of delivery. 

One day after delivery. 

Five days after delivery ; 
breasts caked. 

Ten days after delivery. 

Twenty-six days after de- 
livery. 

Miscarriage five days before ; 
septic ; curetted. 

Three days later, tempera- 
ture falling. 

Seven days later, tempera- 
ture normal. 

Fourteen days later, tempera- 
ture up ; curetted again. 

Fifteen days later, tempera- 
ture falling. 

Sixteen days later, tempera- 
ture falling. 

Thirty- two days later, tem- 
perature falling. 

April 1st, 1894. 
44 8d, 1894. 

Curetted. 

One week later, well. 

Adult cells, 94£ ; young cells, 

6*. 
Curetted the day before. 
Died. 



Hcemoglobincemia with reddish staining of the serum is often 
noticeable in the dried and stained cover-glass specimen where 
the plasma is deeply stained. 

Leucocytes. — Considerable controversy has taken place as to 
the changes in the white cells effected by septicaemia; some ob- 
servers finding leucocytosis, while others find none. 

The results of experimental infections referred to above (see 
page 95) and the parallelism of the leucocyte changes in pneu- 
monia, peritonitis, and diphtheria fully explain these appar- 
ent divergences, which perfectly exemplify the rules stated on 
page 91. 

Leucocytosis occurs only when the struggle between the pa- 
tient and his disease is intense, and whic nous. 
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When either Bide wins without any difficulty, i.e., in the mildest 
and in the severest cases, leukocytosis is nearly or entirely ab- 
sent; indeed, leucopenia may be found (as for instance in a case 
of septic endometritis reported by v. Limbeck — only 3,000 leu- 
cocytes). Von Limbeck and Krebs' found no leukocytosis in 
cases of perpetual septicemia, but these were all fatal cases or 
very mild ones. Rieder, on the other hand, and the great major- 
ity of other observers (Sadler,* Roscher,* Kanthak,' Grawitz, 
etc.) find leucocytosis. This means that in most cases ol>- 
served by these writers the infection was of moderate severity. 
Only two of the twenty-one cases in Tables XVI. and XVTL 
showed no leucocytosis. One was very mild, the other died on 
the day of the count. 

Tablk XVII,. A.— Septic Wodndb. 
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Sloughing breast; bedsore. 
Septic wound of foot. 
Sloughing breast after cancer 

operation. 
One month later ; wound clean. 
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Tablb XVII., B — Septicemia with Arthritis. 
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1 Krebs: Dissert.. Berlin. 1893 

' Sadler : Loc. eit. 

'Roscher: Dissert.. Berlin. 1894. 

'Kanthak: Brit. Med Journal, Jon» 



SEPTICEMIA. 



Table XVII., G— General BuuonuoOOOUB BtfOOMOBk, 
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41,400 
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Suppurating fibroid. 



Sli miliary. 

1. Rapid development of severe antemia. 

2. Leucooytosis marked, except iii very mild or very severe 
IMS. 

3. Blood cultures often contain pyogenic cocci. 



Diagnostic Value. 

The advantage of a positive bacteriological examination is 
obvious. Of the value of the blood count in distinguishing septic 
from non-septic wounds and estimating the degree of sepsis and 
the importance or Heedlessness of operative interference, not 
much is known. The subject deserves to be carefully worked 
out from a surgical point of view. The following cases, how- 
ever, tend to show that we might utilize blood counting far more 
than we do to determine questions of this sort: 

Case I. — Frank B— — was a case of appendicitis operated on 
by Dr. M. H. Richardson at the end of an attack. A little pus 
was found, the appendix was excised, and the wound nearly 
closed, a small strand of gauze, however, being left in. Several 
days after the operation, there Iwing at the time no external dis- 
charge, the temperature rose. The wound seemed perfectly 
clean. The man was very nervous about himself, and much 
stirred np at each dressing; and as the temperature never went 
, higher than 101 B , there seemed to be considerable dnubt as to 
what the cause of the temjwrature was. The blood count in 
this case showed .52,000 leucocytes. On opening the wound a 
large amount of brnken-down blood clot was evacuated, aud the 
temperature came down to normal. 

Case II.— Mrs. 8— — was a case of pus tube shelled out and 
sewed up tight. Ten days after the operation the temperature 
began to look as if pus were present. Here again the patient 
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was exceedingly nervous; ami, as so often happens, the quest iou 
was asked and re-asked, whether she was keeping up her own 
temperature by the state of her mind. The blood Boost, Imu- 
ever, showed marked leucoeytosis, which led to a careful ether 
examination, revealing a fluctuating mass behind the uterus, 
from which pus was obtained by puncture. 

Case HI.— Mr. It entered the Massachusetts General 

Hospital in December, under the service of Dr. C. B. Porter, 
with a compound fracture of the thigh. Some days after it had 
been put up, the tem[>erature began to suggest the presence of 
pus, the wound, however, remaining perfectly clean. I counted 
the blood, and found a marked leiieocytosis. A more thorough 
exploration of the wound revealed a pocket of pus, the evacu- 
ation of which brought down the temperature. I was not sore 
in this case whether the absorption of the blood clot, sm-b m 
takes place, I suppose, after any compound fracture, would be 
siillirieiit tn runs.' Ii'uo irvtn.sis. I therefore counted several 
cases in which there was fever and presumably blood-clot al>- 
sorption, namely, a hemothorax, a pelvic lia^miitocele, two com- 
pound fractures, and a crushed foot; in none of these was any 
leiieocytosis present. 

Case IV.— Mr. 8 was operated on by Dr. J. C. Warren for 

traumatic epilepsy. Nothing special was found, and the wound 
was closed. Ten days after the operation the temi>erature rose 
to 104°, and the patient complained of severe headache and pain 
in the back. I counted the blood, and found no leucocy tosis. 
Next day the temperature was down. The patient apparently 
had the grippe. 

Several cases in which an old malaria was supposed to be 
" brought out" by a surgical operation, the patient baring irreg- 
ular fever and chills after the operation, have shown, on exam- 
ination of the blood by the writer, no malarial organisms but 
marked lencocytosia. In these cases the symptoms of " malaria" 
ceased when the wound was more thoroughly drained, and I 
have no doubt that many cases of " malaria" after surgical oper- 
ations are really wound Bepsis. 

It is difficult to make inferences from a leucocytosis in such 
cases, because no one. so far as I know, has thoroughly investi- 
gated the blood condition during the normal healing process of 
wounds. But there are certainly many coses in which we need 
the kind of information about the condition of a wound which 
the blood might give us, if the changes in connection with 
wounds were better known. 
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How often the questions are asked : Is this patient septic? 
Does this temperature mean anything of importance? Is this 
wound well drained? Is this complaint of pain hysterical or 
does it mean something operable? 

How often the blood count would help us to answer such 
questions without leaving it for time to settle them after the 
most urgent need of settling them is gone, we do not yet 
know. 

In puerperal cases, the fact that leucocytosis is always 
present for several days after delivery makes it harder to judge 
from the blood whether a given case is septic. I doubt if the 
blood count will give any information on this point not to be 
more easily obtained in other ways. Blood cultures, if positive, 
are of far greater importance, but take more time. 

ABSCESS. 

The effects of abscess upon the blood are, I suppose, due to 
septicaemia. Nevertheless septicaemia tvith abscess formation 
differs enough from septicaemia without abscess formation, both 
clinically and haematologically, to make a separate description 
convenient. 

The most easily studied variety of abscess is that connected 
with appendicitis, inasmuch as the frequency of operations in 
such cases gives us opportunity to verify what we suppose to be 
indicated by the blood count and see how far our suppositions 
are true. 

At the Massachusetts General Hospital, most patients with 
other varieties of abscess go straight to the surgeon and their 
blood is not examined, but many cases of appendicitis come 
first to the medical wards, and hence we have records of over 
eighty cases whose blood has been examined. 

I shall therefore begin the description of the blood in abscess 
by an account of appendicitis, which may probably be considered 
a typical case of abscess formation. 

APPENDICITIS. 

After excluding all cases in which the diagnosis was not sure 
we have left seventy-two cases. 
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Table XVIH— Appendicitis. 
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Table XVIII.— Appendicitis (Continued). 
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Table XVIll.— Ari-KSDicms (Continued). 
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From the seventy-two eases of the adjoining table, tlie fol- 
lowing conclusions are to be drawn : 

1. Red cells: no changes except in chronic cases with long- 
standing abscess. 

2. Coagulation often slow, but fibrin always increased in 
suppurating cases. 

3. As in most infections the mildest and the severest oases 
show no leucocytosis. Four case* with general purulent pcri- 
UmitU akawad no ieveocjftoaU, its absence being confirmed by 
repeated examinations. The total absence of leucocytosis in a 
case not obviously mild is ■ very bail prognostic sign as in pneu- 
monia ami diphtheria, 
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4. Catarrhal appendicitis is rarely accompanied by leucocy- 
tosis (only once in this series — 14,000). 

5. An increasing leucocytosis means a spreading process and 
may be the only evidence of the fact. In Case 40 of this series, 
the patient entered with vomiting, localized pain and tender- 
ness. The leucocytosis was 15,600. Three days later he was 
comfortable, had no vomiting and very little tenderness, and in 
all respects seemed to be improving, yet the white cells had 
risen to 22,900. Operation was postponed owing to the lack of 
all unfavorable symptoms except the blood count. Next day the 
bowels were moving well and the patient had no fever and no bad 
symptoms of any kind, but his leucocytes had risen to 35,300. 
On the following morning the surgeon was finally persuaded to 
operate and found a large amount of pus. 

A steadily increasing leucocytosis is always a bad sign and 
should never be disregarded even when (as in this case) other 
bad symptoms are absent. It is of far more significance than 
a larger count which does not increase. 

6. The size of the leucocytosis is of comparatively little 
significance. A low count (8,000-11,000) means one of three 
things: 

(a) A mild case. 

(6) A very severe case. 

(c) An abscess thoroughly walled off. 

After the abscess has ceased to spread and has become well 
walled off, the leucocyte count remains stationary or decreases. 
If it bursts into the general peritoneal cavity the count may 
rise sharply or it may fall to normal or subnormal, its move- 
ment depending on the degree of resistance which the system 
offers. 

7. In the majority of cases the pus is neither completely 
walled off nor free in the belly, and such cases are accompanied 
by a moderate and fluctuating leucocytosis, which rises and falls 
according to a variety of conditions which cannot be accurately 
interpreted. 

It usually increases in the first three or four days of the ill- 
ness, and then becomes stationary or declines if the case is tak- 
ing a favorable course (i.e., if the pus is being absorbed or 
walled off) , while it continues to increase when the case is going 
on from bad to worse. 
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Case 20 illustrates the course of the leucocytes in a favorable 
case not operated on ; the leucocytes fell gradually bat steadily 
from hour to hour so that iu two davs the count came down from 
20,100 to 8,750, the tumor and tenderness simultaneously dis- 
appeared, and the patient was well in a few days more. Case 38 
dropped in eight hours from 16,000 to 8,000 and quickly recov- 
ered. In Case 19, the leucocytes is fell in three days from 33,000 
to 9,200, but rofce again when the bowels were moved by enema, 
and took some days to reach normal again. Evidently the per- 
istalsis injured the abscess wall so that the process began to 
spread again and had to be walled off afresh. 

8. When a leucocytosis of 18, 000-23, 000 is maintained for a 
nurnl>er of days it usually means a large abscess pretty well 
walled off. 

9. The majority of cases as seen at the Massachusetts Gen- 
eral Hospital on the second, third, and fourth day of the ill- 
ness show leucocytosis of 15,000-24,000, thirty-three of the 
present series falling within these figures. Counts larger than 
this have always been proved to mean a large amount of pus or 
a general peritonitis. Of the cases below 15,000 (fifteen in all) 
twelve did not come to operation, or if oj>erated showed no pus. 
This statement excludes the four cases of general purulent peri- 
tonitis without leucocytosis mentioned above. 

10. Case 18 illustrates several points. After the first opera- 
tion the leucocyte count did not fall so rapidly as usual, and the 
cause of this soon turned out to be a pus pocket, after the evac- 
uation of which the count fell in twenty-four hours from 47,700 
to 16,700, only to rise again for another accumulation of the 
same kind. 

After this last (third) operation the case progressed slowly 
but favorably, and yet the leucocyte count remained more or less 
above normal for a month. The wound was healthy, freely dis- 
charging, and had healed satisfactorily at the time of the last 
count recorded. 

Whether all wounds follow this course as regards the leu- 
cocytes I do not know. It is an important point which needs 
working out, namely : What is the normal behavior of the blood 
count during the healing of granulating wounds? If this were 
known, we might get valuable information as to whether a 
wound is doing well or not, by means of the blood count, which, 
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if septic, would probably behave differently from its wont in 
wounds which do well. As it is, all these questions are not an- 
swerable. It is to be hoped that surgeons will investigate them. 

Differential Diagnosis. 

1. The presence of a marked leucocytosis excludes simple 
colic with or without constipation, and excludes certain forms of 
intestinal obstruction (if uncomplicated). Such cases of intes- 
tinal obstruction as are complicated with ulceration or gangrene 
or due to cancer may raise the leucocyte count. 

Between general peritonitis from an appendicitis and intes- 
tinal obstruction, the presence of marked leucocytosis points to 
the former ; but its absence may accompany either affection. I 
remember a case in which the diagnosis lay between these two 
affections, and operation was delayed because the absence of any 
leucocytosis was thought to rule out peritonitis, and it was 
hoped to get the bowels started by enemata, etc. When finally 
the abdomen was opened stinking pus gushed out and the 
patient died the same day. 

2. Treves ' has reported several cases in which it was hard 
to decide whether the diagnosis was typhoid or appendicitis. 
A blood examination would probably have decided the matter as 
it has in three cases in the writer's experience. Most cases of 
appendicitis of any severity show leucocytosis; typhoid almost 
never does if uncomplicated. Curtis * reports a case of typhoid 
with a tumor and tenderness in the right iliac region which 
closely simulated appendicitis but turned out to be a floating 
kidney. The blood count would have decided the matter. 

3. Between appendicitis and pus tube the blood gives no 
help, as both affect it alike. 

4. Ovarian or pelvic neuralgia (uncomplicated) never causes 
leucocytosis and may be excluded by its presence. The same 
is true of floating kidney, which has been sometimes con- 
founded with appendicitis. 

5. Gall-stone colic, and renal colic if uncomplicated by 
inflammatory disturbance, cause no leucocytosis, and can 
therefore be distinguished from appendicitis in most cases. 

1 Med ico-Chirurgical Transactions, 1888, lxxi., p. 165. 
• "Twentieth Century Practice of Medicine," vol. viii., p. 461. 
14 
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If cholangitis, cholecystitis, pyelitis, or severe cystitis com- 
plicate the colic, the examination of the blood will be no help 
to us. 

ti. liii/Htrtiuit (i/' /'(£(¥« in the ciecuiu will not cause any leucoey- 
tosis and may be excluded when such is present. The count 
may be of use, it seeing to me, iu deciding us whether an enema 
ought to be given. It is sometime desirable to give an enema 
in cases simulating appendicitis, to help clear up the diagnosis, 
but some physicians are afraid to do so for fear of causing a 
walled-off abscess to break into the general peritoneal cavity. 
In such cases, if no leucoeytosis were present, we might go 
ahead with a clearer conscience. 



Mr. B entered the Massachusetts General Hospital Sep- 
tember 20th, 1893, with a diagnosis of appendicitis. For twenty 
days he had been having pain and tenderness in the region of 
the appendix, pain being controlled by morphine. The bowels 
had been loose, lie said. There was dulnoss, tenderness, and & 
distinct tumor in the region of the ap]>eudix, with slight pyrexia. 
The blood count showed only 8,0tH) leucocytes. He was given 
a compound cathartic pill, had a large movement of the IkwbIb, 
and all symptoms and signs disappeared. 

7. Extvn-i't't'uir pregnancy and pelvic hiematocele may cause 
leucoeytosis like appendicitis, but do w! mereaM fibrin unless 
peritonitis is present, and are likely to nhown 'yen/,.-/ dwumdtiM 
in red rorpuM-lix if the hemorrhage is severe. The red cells 
are normal in appendicitis exeopt in chronic cases with ab- 
scess. 

8. Fkxifii"j h'lliK';/ has lier-u already mentioned in Curtis' case, 
where in combination with typhoid it closely resembled appen- 
dicitis. Even without the presence of typhoid, the Bame dif- 
ficulty of diagnosis may arise between appendix and floating 
kidney. The presence of leucoeytosis could not be accounted 
for by the latter, 

One of the next most common forms of abscess seen in 
medical wards is pyosalpins, which I shall call by the English 
name of "pus tube." As this produces the same effect on the 
blood as pelvic abscess or pelvic peritonitis, I shall consider the 
three processes together. 






PUB TUBE, PELVIC AB8CE88, ETC. 



PUS TUBE. PELVIC ABSCESS, AND PELVIC PERITONITIS. 

Almost all that has been said of appendicitis applies equallj 
well to these conditions. 



Table XIX., A.— Pus Tube and Pelvio Abscess. 
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Table XIX., A. 
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Put tube. Sol operated: v-tj alight. 
'Im.iik- Ml|ilntiii». June i'lu. 
iini" -.'■(li, Datfir. 

" Will. 
E**Me prrttonltla. 

1 tl 'if nl mc-HL AUKiimtiWh. 
^ptember 3d, leiui.rraturv up. 

6Ui. normal IciiipcrUure. 
S»lplDjtlI», tn.: »■*'■ 
1 ; ]" p. M ; llr<- ilai'fl ill hiwpltol. 
Pus lubaa (Bull ; slat- of Qnger). 
Pun tube. 


*■■ 


.i,Mon.«ni 

4.110,000 

47*.o» 

s.ntu.utw 



Increasing counts of leucocytes usually point to the need of 
an operation; stationary leucocytosis to a well walled-off al>- 
ecess. The size of the count is a rough measure of the size of 
the abscess, and cases ml/mut leucoeytosis rarely need operation 
and usually recover under palliative treatment, as also do many 
wllh [•'iici.x.'ytosis. 

Differential JJiayncuiia. 

Pelvic pain and soreness may be as great in various non- 
suppurative conditions (ovarian neuralgia, etc.) as when 
abscess is present, but the leucocyte count is raised in none of 
the pelvic disorders of women except abscess, septicaemia (puer- 
peral, after abortion, etc.), and hemorrhage (monorrhagia, 
metrorrhagia, ruptured tubal pregnancy). Endometritis and 
cystitis usually cause no leucocytosis. The application of these 
rules will unt infrequently help in the diagnosis of pelvic disease 
and in deciding how much importance to attach to the com- 
plaints of pain, tenderness, etc., in a doubtful cose. The ab- 
MDM "f iMMOCrytodl makes us rightly confident that no abscess 
of any considerable size exists. 






OSTEOMYELITIS. 



OTITIS MEDIA. 



Most cases, if purulent, show leucocytosis both before and 
after paracentesis. If serous (see Table XIX ., B, cases 2, 7, 8 
and 9) the count is usually lower, and we can predict with 
moderate certainty whether serum or puB will be found on punc- 
turing the drum. When the mastoid is involved the count runs 
higher. If the case drags on, the hfemoglobin may get low, 
otherwise the red cells are not affected. 



B.— Otitis Media. 
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1|f 



Vnrk-'l 



■ ■>[)]. silent illnchmrgest 



i, hysteria. 

h ■.Uirir-r 



Luring ilygpncslc *nd cyanoUo 



OSTEOMYELITIS. 

Iu three cases in which no external opening was present, the 
patient complaining ouly of pain in the bone, the counts of leu- 
cocytes were 25,600, 24,310, and 18,000, and in each the predic- 
tion that pus would be found was verified at operation. Three 
differential counts iu chronic cases with sinuses showed nothing 
remarkable, no increase of the marrow cells or eosiuophiles. 

The tl!offt)Oftt!c value of the blood in osteomyelitis seems to 
me considerable, inasmuch as it is difficult by the symptoms 
alone to feel sure enough of the existence of pus to be willing to 
operate. "Kheumatic pains," "growing pains," and neuralgia 
can be excluded by the presence of leucocytosis. 
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Other Abscesses. 

(1) Felon. — It is striking to see how small a collection 
pas can raise the leucocyte count. Felons containing less thau 
one-half drachm of pus may have a leucocytosis of 15,001) to 
22,000. I have counted the blood in three audi cases. The ele- 
ment of septicaemia must be considerable. It seems to make 
no difference whether or not the pus is under great tension, The 
leucocyte count does not fall sharply after the felon is opened, 
bnt gradually diminishes during the next seven to ten days. 
Even a 

(2) Gum boil raised the white colls to 27,000 in one case. An 

(3) Abscess of the vulva showed 23,500 leucocytes per cubic, 
millimetre, and an 

(4) Alwcess of the vagina, 12,800. Other varieties are: 

(5) Parotid abscess, 45,500 leucocytes per cubic millimetre. 

(6) Subpectoral abscess, 1(5,000 leucocytes per cubic milli- 
metre. 

(7) Abscess of the nock, 22,200 leucocytes per cubic milli- 
metre. Qirbuncle, 41,000 leucocytes per cubic millimetre, 

(8) Psoas abscess (infected), 50. IKK) leucocytes ]>er cubic mil- 
limetre. 

(9) Abscess of ovarii 2ti,000 leucocytes per cubic millimetre. 

(10) One case of ptr&iqpAritM abtoeaa was watched for some 
days while the patient was getting up strength for an operatiou. 
It was an abscess of several months' standing, not increasing in 
size during the last month, and the counts, as we should expect, 
did not rise or fall considerably but showed a steady well-marked 
leacocytosis. 

July 2!tth, white cells, 21,400 

" 30th, " " 31,900 

August Stli, " 22,400 

■ 11th, " " 23,000 

■ 24th, " " 22,200. (Operation.) 

A second case counted only showed 111,000. Both abscesses 
contained over a quart of pus. 

A third case, evidently tubercular in origin and probably not 
much infected with pyogenic cocci, showed only 10.000 white 
cells per cubic millimetre. 
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(11) Abscess of the Lung. — Three cases following pneumonia 
have occurred at the Massachusetts Hospital within the last 
three years, and the counts happen to be nearly the same. 
Case L, 16,800; Case II., 16,000; Case HI., 16,400. 

(12) Subphrenic abscess, also three cases. 



Case. 


Redcells. 


White cells. 


Per cent 
haemoglobin. 


Remark* 


1 


4,450,000 


53,267 
25,600 
15.500 
17,600 
22,000 






2 


May 16th. 
14 17th. 




3,200,000 




8 


55 
38 


tt 20th. 







Diagnostic Value. 

1. The case of vulvar abscess was so morbidly modest that 
she complained of all parts of her body except the one diseased 
and gave a train of symptoms which utterly failed to account 
for the leucocytosis. The presence of this leucocytosis called 
for a much more searching physical examination than would 
have otherwise been made, and the seat of real trouble was dis- 
covered. 

2. (a) The diagnosis between perinephritic abscess and cyst 
of the kidney is materially assisted by the fact that the former 
causes leucocytosis, while the latter (see page 151) does not. 

(b) Both cancer of the kidney and perinephritic abscess 
cause leucocvtosis, but if fibrin is not increased cancer is the 
more likely of the two. This differential mark has served me 
well in two cases. 

(c) Hydatid of the kidney and pyoneiihrosis are not to be 
distinguished from perinephritic abscess by the blood examina- 
tion. In abscess of the lung the blood gives no information 
that cannot be more easily gained in other ways. 

3. Subphrenic abscess may be confounded with malignant 
disease, both of which may cause leucocytosis ; but the absence 
of any increase of fibrin speaks against the existence of an ab- 
scess. 

GONORRHOEA. 

The red cells are not affected, but in acute cases a moderate 
leucocytosis is present and fibrin is increased. Qualitatively, 
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the whit© cells show an increased jiereentage of eosinophiles 
corresponding to the large pro]>ortion of these cells in the ure- 
thral discharge. 

YELLOW FEVER. 

Fiulay ' has lately descril>ed what he calls a tetragonococous 
in cultures from the blood of yellow fever. It was pathogenic 
on inoculation into animals. I have seen no confirmation of his 
observations. Jones ' found coagulation slow, the red cells not 
much diminished but showing decided degenerative changes; 
kinmu'l'ibiuuria is common. He makes no observations as to 
the white corpuscles. 

TYPHUS FEVER. 

Ewing ' in four cases found no leucocytosis. Tumas ' found 
no leucocytosis, as the following ease shows: 



D»t*. 


Ilav-.t 






M 


Per cent 

hMMgbtta 


White crib. 




III, 




(8 ii 








5th 


5th. 


89.2 


39.0 


4.440.000 


80 


9.600 


6th 


6th 


39.0 


KB 


4,220.(100 


77 


4.800 


7th 


71 h 


M.O 


40.0 








8th 


8th. 


M | 


:e.i :: 


4.280.000 


77 


3.200 


9th 


Mi 


Bft.O 


9». e 








10th 


Mlth 




30.2 


4.440,000 


77 


8.300 


11th 


IHIi 


ts a 


80.3 








mil 


ISA. 


311. 


8ft. 8 


4.380,000 


80 


1, 900 


18th 


l:ltl.. 


88. 8 


39.5 


4.780,000 


80 


3.200 


Hth 


[Uli 


88.7 


80 








inth 


ISth. 


88.(1 


88.7 


4.080.000 


80 


1,000 


I«th 


Ii-.,!, 


88 i 


38.8 








ITtb., . 


17th. 


(8.1 


88.6 


4,100,000 


70 


4,800 


184k 


[Hill 


87.7 


88.9 








19th... 


IHtl, 


86.6 


:ts r, 


3,820.000 


67 


1,600 


a>th 


;mii,. 


88. 1 


B8.8 








21m 


aim. 


87.5 


88.1 


8.450.000 


03 


:;.'jiii 


82d 


Ml 


8S.1 


87.8 


8.450.000 


60 


8,200 


IN . . . 


23d 


n b 


38 








24th 


Mlb. 


87.4 


88.0 


8,180,000 


50 


8,800 


23th 


30th. 


87 4 


B9.1 








38th 


36th. 


89 3 










Died od the 36th. 















1 Edinburgh Medical Journal, December, 1805. 
' Journal of the American Medical Association, March 11th, MS 
* Ewing ! New York Medical Journal, December 18th. 18B3. 
'Arch. f. kltn. Med., vol. 41. p M8 
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On the other hand, Everard and Demoor, 1 and Wilks * found 
leucocytosis. 

RELAPSING FEVER. 

(See Blood Parasites, page 331.) 

GLANDERS. 

Christol and Kiener (Comptes Bendus de TAcad. des Sciences, 
November 23d, 1868) reported leucocytosis in glanders. The 
bacilli of glanders can be demonstrated in cover-slip prepara- 
tions of the blood. 

* 

THE BUBONIC PLAGUE. 

In 1895 Aoyoma, a Japanese observer, studied the blood of 
this disease.' He found the bacilli peculiar to the disease by 
cover-slip preparations from the blood. The red corpuscles were 
not altered. The white corpuscles showed a marked increase — 
20,000 to 200,000(!) per cubic millimetre. This leucocytosis 
was made up almost wholly of adult leucocytes; the eosino- 
philes were markedly diminished, and the blood plates were in- 
creased. 

ACTINOMYCOSIS. 

Ewing (loc. cit.) reports leucocytosis (21,500) in a single case. 

TRICHINOSIS. 

In a case recently studied at the Johns Hopkins Hospital, a 
leucocytosis of 25,000 was present with very great eosinophilia, 
the eosinophiles making up (>7.5 per cent of the leucocytes at the 
end of the disease. 

1 Annales de 1' Inst i tut Pasteur, February, 1H08. 
* Ref. in SajouB* Annual, 1H95. 

1 " Mittheilungen aus d. Med. Fac. d. Kaiserlich Japan i»ch en Univernl- 
t&t, w vol. in., No. 2. Tokyo, Japan, 1895. 



CHAPTER V. 



DISEASES AFFECTING THE SEROUS MKMBRANE, 

1. Serous effusions, representing probably a milder type of 
infection than purulent effusions, have less effect than the latter 
upon the blood. 

2. The serous effusions, however, must be subdivided into 
the tubercular and the non-tubercular. The former, like most 
forms of tuberculosis (see page 219), rarely raise the leucocyte 
count, while the latter may do so, though in a lesser degree than 
purulent processes. 

Tubercular affections of serous membranes have been dealt 
with elsewhere (page 227); but au exception was then made of 
pleurisy, for nl though there is reason to believe that the majority 
of cases of serous pleurisy are due to tuberculosis, we rarely 
have proof of it, and most observations upon the blood of pleu- 
risy have not been accompanied by bacteriological examination 
of the effusion. Tubercular cases have not been distinguished 
from nou-tubercular. Hence the two are necessarily considered 
together here. 

SEROUS PLEURISY. 

Ton Limbeck finds in non-tubercular cases from 13,000 to 
I-?, 000 leucocytes per cubic millimetre. The red cells and hae- 
moglobin are not much affected except in chronic cases. 

Rieder finds in non-tubercular cases during the stage of fever 
moderate leucocytes is, 13,000 in one case in which the bacterio- 
logical examination showed the presence of Fraenkel's diplocoe- 
cus in the exudation. After the fever has subsided the leucocv- 
tosis falls to, or nearly to normal, so that cases examined for the 
first time some weeks after onset would show no increase at all, 
This he thinks explains the results of Halla and others who 
found no leucocytosis is Barons pleurifly. According to Rieder 
the presence or absence of leucocytosis depends not so much 
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on whether the product is serum or pus as on whether the 
trouble is stationary or advancing. 

In tubercular pleurisy despite fever Kieder found but 4,600 
white cells in one case, and Pick got similar results in two 
cases. 

Hayem makes no clear distinction of tubercular and non- 
tubercular cases and states that "acute inflammatory" pleurisy 
has from 7,500 to 12,000 leucocytes per cubic millimetre. 
The fibrin network is much less dense than in pneumonia; 
in most of the tubercular cases it is not increased at all. 

In fifty-two cases examined at the Massachusetts General 
Hospital the average count of leucocytes was 8,820. 



Table XX.— Pleurisy (Serous). 



No. 


White 
corpuscles. 


Remarks. 


No. 


White 
corpuscles. 


Remarks. 


1 


24,000 


Pericarditis too; cy- 


28 


8,000 


it 






anosis. 


29 


8,000 




2 


16,000 




30 


8,000 




3 


15,600 




31 


8,000 




4 


15,000 




32 


7,950 




5 


14,550 


Ill three days. 


33 


7,800 




6 


14,200 


Ill five days. 


34 


7,500 




7 


13,800 




35 


7,000 




8 


13,000 




36 


7,000 




9 


12,800 




37 


6,900 




10 


11,766 


Ill eleven days. 


38 


6, 450 




11 


11,600 




39 


6,200 




12 


11,000 




40 


6,100 




13 


10,900 




41 


6,100 




14 


10.600 




42 


6,000 




15 


10,400 




43 


6,000 




16 


10,000 




44 


5,600 




17 


10,000 




45 


5,600 




18 


10,000 




46 


5,500 




19 


10,000 




47 


5,500 




20 


10,000 




48 


4,800 




21 


9,700 




49 


4,600 




22 


9,500 




50 


4,529 




23 


9,200 




51 


3,400 




24 


8,900 




52 


3,200 




25 


8,800 










26 


8,600 




Aver 


. =8,820 




27 


8, 392 


Ill five days 









Here tubercular and non-tubercular cases are usually not dis- 
tinguished, and a majority of them were not seen till the trouble 
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I :.ul been going on two or three weeks. The patients did not 
seek advice until the effusion was large enough to cause dysp- 
noea. Of the fifty-two cases all Imt fifteen had no leucocytosis, 
and if the first case, which was complicated with pericarditis, be 
omitted the average count would be only 7,900 instead of 8,820. 
Most of the cases were afebrile or nearly so, and very likely 
tubercular, but no cultures were taken in any. Five cases re- 
acted to injections of tuberculin. None of these five had leu- 
cocytosiB. 

'I'lii' i', isc- with. ]--\u-<n-\ |,isis wri'.' mostly those Hvcl) i)t the 
febrile stage, near the beginning of the sickness. No differen- 
tial coi*jits were made. 

In chronic cases the red cells are said to be considerably 
diminished, but this has not been the case in our series; no 
count of under 4,000,000 was recorded and the coloring matter 
was not much diminished. 

Summary. 

1. Red ceils and luemoglobin show no important changes. 

2. White cells not increased in most cases except in fobrile 
stages, and not often over 13,000 then. Tubercular cases if un- 
complicated probably never have lencocytosis. 

Diagnostic Value. 

The blood count may help a good deal in doubtful cases by 
excluding empyema, pneumonia, and malignant disease of the 
lung, all of which are accompanied by higher leucocyte counts. 
Compare the average count in serous pleurisy, 8,820, with the 
average in pneumonia, 24,000, or in empyema, 18,300. The few 
counts I have seen of malignant disease of the lung have l>een 
still higher. 

Hayeni insists, rightly it seems to me, that clinicians oovlfl 
get real help from blood examination in almost every case of 
doubtful diagnosis in which the lung and pleura are inqaestioO. 
In children the leucocytes are considerably increased by even a 
serous intln mmaticm. their blood reacting always more strongly 
than that of adulh* to any morbid influence, and in them it 
may be impossible to distinguish serous from purulent pleu- 
risy. 
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PURULENT PLEURISY (EMPYEMA). 

The counts in eight cases observed at the Massachusetts 
Hospital are as follows : 



Case. 


Red cells. 


White 
cells. 


Hemo- 
globin. 


Case. 


Red cells. 


White 
cells. 


Haemo- 
globin. 


1. 

2 

8 

4 


5,440,000 
6,000,000 

4,500,000 


49,200 
32,000 
15,200 
14,000 


51* 


5. . . . 

6. . . . 

7 
i • • • . • 

8. . . . 


4,850,000 
4,000,000 


12,650 
12,000 
11,100 
10,900 


85* 



This is in marked contrast with serous pleurisy as above 
noted. Von Limbeck noticed the same thing. 



PERITONITIS. 

A patient with serous pleurisy (non-tubercular) is hardly 
ever in danger, while if the general peritoneal cavity is the 
seat of a like inflammation, recovery is almost out of the ques- 
tion. 

This clinical difference is parallel to the difference in the 
blood condition. Any inflammation of the peritoneum (non- 
tubercular) , whether serous or purulent, calls very large numbers 
of leucocytes into the peripheral blood. The only exceptions to 
this rule are those cases in which the organism is so over- 
whelmed by the disease that it offers no resistance. We have 
seen that this same effect is produced in the severest cases of 
pneumonia and diphtheria, and presumably it is true of many 
other infectious diseases in which the blood has been less care- 
fully studied. 

Almost all cases of general septic peritonitis show very 
marked leucocytosis, and the spreading of a localized process is 
always indicated by an increasing leucocytosis. But here and 
there it happens that the patient cannot react against the disease 
at all, and then the leucocytes are normal or diminished. This 
never occurs in empyema because the system is never so over- 
whelmed by a septic process in the pleura. The fibrin network 
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is increased in almost all oases. The following counts, all in 
fatal cases, illustrate these p< fatl : 



TABLR XXI.— GENERAL PEKITOSITIS. 



No. 


Ago. 


Sex. 


Redeelb. 


««i i* 


IVroenl 
(SEta, 


Remarki. 


>.' 

S. 
». 

7. 
8. 


M 

A<lnlt 
'-■7 

Adult 

Adult 

' m 


W. 
F. 

E 

V. 
M. 

£ 

F. 


...-■...nil 

V31 7,1X11 
4,000,000 

0,000.000 


SI.OOil 

■.-:..>» i 

]i,'r».i 

«.0uu 
s.a»t 


ns 


AUBCtWB of BJlleHB ( [). 

I'tiruh-nt: 1 mm appendix. 

Dysentery, with perforation. 

fhnjtju;, purulent. 

Raptured bladder. 

Moribund. 

Purulent; operation. Death. 

Obstruction: died in three day» ; 




B. 


Adult 


M. 
F. 


B.rw.ooo 

S.840.000 


r,.300 


te 


l'uruli ni. rioalh within Si hour*. 

PuriiL-ut. - - - - 

After appendix operation. Did l.tXW 

cells: Ailull cells, Mir. per cent; 

young celt*. 11.5; aoalnophllea, 0; 

■nwMN ]. 



Diagnostic Value. 

1. When a diagnosis rests between peritonitis and (a) ob- 
struction t! roalignaul ' . {h) malignant disease; (c) hysteria, 

phantom tumors or malingering, the presence of marked leuco- 
cytosis with increase of the fibrin network speaks strongly in 
favor of peritonitis. 

Obstruction or malignant disease may increase the number 
of leucocytes, but rarely increases the amount of fibrin. 
ITj II twill 111 or malingering patients have normal blood. 

2. Wr iMiincit distinguish Barons from purulent peritonitis 
in septic wises, but tubercular /icrihutiti* can always be excluded 
if leukocytosis is present. 

3. As to the "chronic granular peritonitis," nou-tulv-reular 
and non-septic, I have seen no reference in hematological litera- 
ture and have no first-hand knowledge. 



PERICARDITIS (WITH EFFUSION) 

A» in other inflammations of serous membranes we can dis- 
tinguish the tubercular cases which have no leucocytosis from 

tit.- iln'iiiii.'iiii' mi- Mi-ptic cases which always increase the white 
cells. The tubercular eases are discussed under tuberculosis 
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(see page 230). The following counts illustrate the rheumatic 
form of the disease : 



Case. 


Bed cells. 


White cells. 


1 




42,400 
32,600 
19,200 
17,500 

26,000 
19,400 
24,000 
19,447 
15,400 


2 
8 


4,568,000 


4 
5 


4,168,000 



Per cent 
hemoglobin 



67 



67 



Rf»m fwfr y . 



November 3d, 1895. 
7th, 1895. 
11th, 1895, 
December 8th, effusion nearly 

gone. 
December 14th. 

w 20th, effusion subsiding. 



Hay em has noted that pericarditis is far more apt to pro- 
duce leucocytosis than is endocarditis. 

Diagnostic Value. 

In excluding cardiac hypertrophy or simple dilatation with 
ruptured compensation, both of which may occasionally simulate 
a pericardial effusion, the presence of marked leucocytosis is 
absolutely decisive. When we are sure that effusion exists, the 
absence of leucocytosis points strongly to a tubercular process 
as its cause. 

MENINGITIS. 

Leucocytosis is usually well marked. Yon Limbeck considers 
that tubercular meningitis can be distinguished from purulent 
by the absence of leucocytosis in tubercular cases, but Osier ' 
states that many cases of tubercular meningitis do have leucocy- 
tosis throughout tbeir course, and my own observations in a few 
cases tend to confirm this. Of Rieder's two cases, one had leu- 
cocytosis and one did not. Zappert's case had 11,130 white 
cells. It seems, therefore, that we sometimes have here an ex- 
ception to the general rule that tubercular processes do not pro- 
duce leucocytosis. Certainly some cases do follow this general 
rule. But however this may be, it is certain that purulent 
meningitis, whether secondary or of unknown origin, is char- 
acterized by high leucocyte counts (Table XXII.), and if in a 

1 -Pttl 2d edition. 
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case evidently of meningitis of some kind leucocytosis is ab- 
sent, the case is probably tubercular in origin'. 



Table XXII —Meningitis. 



No 


A^B. 


Bex. 


Bed cell*. 


tells. 


l: ii. 


Remwln. 




A.li.lr. 
Si 

M 
HI 

■ 
■ 

B 


H. 
M. 

E 

F. 
M. 
W. 

F. 

H. 


fl.SOO.OOO 
0,«»,UOII 
6,1 MO, 001 i 
5.(rM,000 


37,300 
10, «>0 

1(1, imi) 

1(1,000 

is,;S4 

14.900 
1L7W) 




I.n IT. 1. '«.'<■.■ 11.: A.lul IK "Jmmi ; 

i j; t rill. 7: M* i-liili-.. ft 

rotitin*>quM>tiontif typhoid." 
Murvli im Ii; i'rn>bro-*plnal. 






» 


a 


* 


•to 














Autopny; e*rebro-aplnul. 

Ilnsilsr: rn. mlMfri-ulii'la In family; llAll 








9 


«,sm,ooo 


7H 




6,040,000 


Bpeclilc. 







Cerebrospinal meningitis (see Cases 3 and 7, Table XVTTT.) 
Bbows the same characteristics in the blood as do cases limited 
to the cerebral meninges. A case reported by v. Jaksch' had 
4,800,000 red and 24,000 white cells. 



Diagnostic Value. 

Meningitis is the ouly intracranial disease (except abscess 
and apoplexy) which shows leucocytosis, and this fact may be 
of great help In excluding other causes of coma. 

1. Drain tnuior, hysteria, lead encephalopathy, diabetic 
coma, sunstroke, and narcotic or alcoholic intoxication do not 
cause leucocytosis and hence can be excluded by its presence. 

'2. Unemia and post-epileptic coma may have leucocytosis 
and cannot be distinguished from meningitis when leucocyto- 
sis is present; but the absence of leucocytosis excludes men- 
ingitis. 

3. Some cases of typhoid, when seen for the first time and 
without a history of the previous illness, may be difficult to dis- 
tinguish from meningitis, but typhoid never has leucocytosis if 
uncomplicated and meningitis always has. 

4. From pneumonia we cannot distinguish meningitis by the 
IjIimhI count. 

1 Zeit. f. klin, Med., 1883, p. 187. 



part m. 

CHRONIC INFECTIOUS DISEASES. 



CHAPTER VI. 

TUBERCULOSIS. 

Red Corpuscles and Hemoglobin. 
(a) Quantitative Changes. 

I. The striking fact is the absence of suck anaemia as we 
should expect, judging from the pallor of the patients and the 
nature of the disease. It is common to find a normal or even in* 
creased number of red cells in pale cachectic-looking consump- 
tives. We cannot ljelp wondering whether our methods of ex- 
amination are at fault, that is, whether the drop we examine is 
typical. (For discussion of the subject see page 67.) However 
this may be, it is undoubtedly the fact that in most cases of 
tuberculosis, even in advanced stages, the count of red cells is 
approximately normal. Often the haemoglobin is also high. 

II. In a smaller number of cases the hemoglobin is much 
diminished, although the count of red cells is normal — in 
other words, we find the blood characteristic of a moderately 
severe secondary anaemia. The red cells are numerous enough, 
but only because their numbers have been recruited by the influx 
of u half-baked" or decrepit corpuscles, small-sized and pale, 
poor in albumin and haemoglobin. 

The condition differs from that of chlorosis mainly in that 
some of the red cells are normally developed and nourished, 
while in chlorosis all, or nearly all, are feeble. Such blood oc- 
curs in the severer and more cachectic sufferers from tubercu- 
losis, just often enough to make us wonder that it is not always 
to be found. 

m. In a small percentage of cases both red cells and 
haemoglobin are considerably diminished (vide Table XXIII., 
15 
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case 32), the latter usually Buffering more than do the actual 
number of cells, that is, the color index is usually below 1. 

Von Limbeck' has recorded a case in which in the course of 
a tubercular process (acute miliary) the red cells fell as low as 
730,000 (white cells, 4,300; haemoglobin, twenty-five percent). 
But the account of the blood is not sufficiently explicit in this 
case to enable us to exclude a true pernicious anaemia in the 
course of which the tuberculosis may have been only the last in- 
cident. No other such case is on record, so far as I am aware. 

(&) Qualitative. Chany*. 

I. There may be none whatever. 

II. There may be only a pallor of some of the individual 
corpuscles with slight changes in size and shape. 

III. In very severe cases the poikilocytosis may 1» extreme, 
bat this is much rarer than in many other cachexias of the same 
severity (e.g., malignant disease). 

IV. An important point is the absence of nucleated red cells. 
Except after hemorrhages it is very rare to rind any nucleated 
red cells, and this is in marked contrast with cancer cases, in 
which nucleated red cells are the rule. 

V. The degenerative changes described by Maragliauo are 
sometimes found in severe cases with mixed infection (vide infrm. 

As regards the influence of the different seats of tubercular 
disease (meningeal, pulmonary, genite-urinary, acute miliary, 
etc] Upon the red corpuscles and hemoglobin the following are 
the probabilities. 

Pure tnltercular disease itself, whatever its seat, has little 

"i ■[)'. fit upon the blood. The widely different conditions of 

the blood found in different cases depend probably «n the pres- 
ence or absence of various other organisms (diplococcus lanceo- 
liitus, pyogenic cocci) associated with the tubercle bacillus, and 
on whether there is some drain on the body albuminoids (diar- 
l'liuvi, peritoneal effusion, starvation, pmloi 
When the infection is a mixed one, the blood shows the ordi- 
nary effects of septicemia (for then the case is practically one 
of septicemia) in lessening the number and quality of the red 
eells. When there is drain on the fluids and proteid constit- 
uents of the body, the red cells may not seem to be diminished, 
• Loc. «'(., p. 886. 
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owing to the concentration of the blood from loss of fluid. Under 
such circumstances they may even seem increased, but the indi- 
vidual corpuscles are sure to be lacking in haemoglobin and the 
other nitrogenous bodies of which they largely consist. 

Fever may be present without there being any changes in 
the red cells that we can detect. It is only septic fever, and not 
the fever of pure tuberculosis that drains the corpuscles of their 
vitality and lowers their numbers. 

Leucocytes. 
(a) Quantitative CJianges. 

Here, as with the red cells, the striking fact is the absence of 
changes in pure tuberculosis. It makes no difference whether 
we are dealing with tuberculosis of the bones, serous membranes, 
or internal organs. So long as the infection remains unmixed 
the white cells are not increased. In certain localities (lungs, 
kidneys) the opportunities for a secondary infection and septi- 
caemia are so great that we frequently find evidence of it in the 
blood. On the other hand, psoas abscesses before they are 
opened often contain only tubercle bacilli, and the blood of such 
cases shows no considerable changes. 

So much more is known of the numerical variations of the 
leucocytes in tuberculosis than of the other blood constituents, 
that I shall give a separate account of them in phthisis, in tu- 
bercular bone disease, in tubercular meningitis, acute miliary 
tuberculosis, genito-urinary tuberculosis, and tubercular peri- 
tonitis. 

I. PHTHISIS. 

I. In incipient phthisis the leucocytes are normal except after 
haemoptysis. 

II. After attacks of haemoptysis, there is usually leucocytosis, 
subject to wide variations according to the amount of the hemor- 
rhage and the resisting power of the patient. 

This follows the laws of ordinary post-hemorrhagic leucocy- 
tosis (vide supra) and disappears quickly when the hemorrhage 
ceases. 

III. Cavities. — Very constantly accompanied by leucocy- 
tosis. Indeed the absence of leucocytosis in any case proves 
the absence of any cavity of considerable size. 
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IV. Extensive infiltration (" tubercular pneumonia") may 
cause marked increase of white cells, sometimes as great as in 
croupous pneumonia, hut this is not invariable. 

V. Fibroid Phthish (chronic interstitial pneumonia). — As a 
rule the leucocytes bIiow no increase, but if, as sometimes oc- 
curs, we have the combination of thiB condition with cavity for- 
mation, the latter may increase the count of white cells. 

VI. Freer. — When the temperature is normal the leucocytes 
are normal, but a febrile state may or may not lie accompanied 
by leucocytoais (according presumably, as the fever is or is uot 
due to pyogenic organisms). 

VII. TuberCuUn I»j<eliiiiix. — At the height of the reaction 
fever the leucocytes almost always rise. 

In a general way, the worse the case the higher the leucocyte 
count, vol (he signs may bo advanced without causing any leo- 
cocytosis if cavities are absent. 

The following tables give some idea of the range of the counts 
in average hospital cases of phthisis. It is much to lie regretted 
that 110 more than one count was made as a rule in each case. 



Table XX11I — Phthisis Wituuit I.ki viwytcisis. 
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TABLE XXIII.— Phthisis Without Leccocytosis [Continued). 
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Table XXIV.— Phthisis with Lkococytobib. 
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The number of those showing leukocytosis is greater tbau those 
without it, probably because incipient cases rarely think them- 
selves sick enough to come to a hospital. On the other hand, 
some of the cases which appear to have been going on for months 
have normal leucocyte counts. The duration is less important 
than the nature and severity of the process. It is rare to see 
extensive signs in the lungs without leukocytosis — fibroid 
phthisis excepted. 

Qualitative CIiuihjvh in t/'<: White Cells. 

1. Many cases show none at all. 

2. When the leucocyte count is normal we may find an in- 
creased percentage of young cells (large and small lymphocytes), 
Buch as is commonly found in any blood poor in nutritive (piali- 
ites (see above, page 82). 

3. When leucocytosis is present, we usually find the ordi- 
nary marked increase in the percentage of polymorphonuclear 
cells at the expense of the lymphocytes. 

For example: C. D , male, thirty-two years old. Tuber- 
culosis of lungs, with cavities; leucocytes, 17,580. Differential 
count of 1,000 cells shows: 

Polymorphonuclear 88.1 

Lymphocytes (small) 8.3 

Large lymphocytes (large ami transitional) 8.4 

Eoahiophiles 0. 

4. Eosinophils are increased during the reaction from an 
injection of tuberculin, and also in some cases with cavities in 
which possibly the individual inoculates himself with tuberculin 
manufactured in the cavities of his own lungs. 

Otherwise the eosinophils are increased only at certain 
physiological seasons — menses and coitus. In most cases asso- 
ciated with leucocytosis they are absent. 

6. Myelocytes were found by W. R. May and myself in four 
oases of advanced phthisis. They averaged .3 per cent. 

I',fi">t,-t.,n- J!"*op?tilia,' 
Neusaer and his followers have advanced a theory that the 
occurrence of perinuclear basophilia during tuberculosis is a 
favorable sign and marks a system capable of resisting the 

' See Appendix. 
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tubercular infection. Neusser has found this to hold true in a 
certain number of cases, tending to show that whenever baso- 
philia (the mark of a uric-acid or xanthin diathesis) exists (as 
in gout, bronchial asthma, and leukaemia), tuberculosis rarely 
occurs. From this he concludes that the presence in the system 
of an excess of alloxan bases (xanthin, uric acid, etc.) makes it 
hostile to the reception or spread of tuberculosis. When tu- 
berculosis does coexist with the uric-acid diathesis (shown by 
perinuclear basophilia) the tubercular process tends to cicatrize 
and heal. 

The theory is interesting and, coming from Neusser, deserves 
careful attention and investigation. If true it might give us in 
tuberculosis a prognostic sign of some importance. ' 

II. BONE TUBERCULOSIS. 

Dane's study of the blood in forty-one cases of hip disease 
and Pott's disease is the most complete with which I am ac- 
quainted. Whenever abscesses appeared in connection with the 
disease, cultures were taken when the abscess was first opened 
and again later on, and the coincidence of low counts with ab- 
sence of pyogenic cocci and with high counts of secondary pyo- 
genic infection is very notable. His conclusions are as follows : 

1. " High leucocyte counts, especially in hip disease, point 
to the probability that there is, or soon will be, abscess forma- 
tion ; but low counts do not preclude the presence of abscess, es- 
pecially in long-standing cases. 

2. "If abscess is present, a low count of white cells indicates 
the absence of secondary pyogenic infection (proved by cul- 
tures). 

3. " Cases of traumatic origin are generally accompanied by 
a high leucocyte count. 

4. " The leucocvte count bears no direct relation to the tern- 

V 

perature; one case with 30,980 leucocytes (five-year-old girl) 
showed a temperature of only 99.4° at the time of the count. In 

1 Holmes (New York Med. Record, September 5th, 1896) described a 
series of changes in the leucocytes which he supposes to he peculiar to 
tuberculosis. W. R. May and I have been unable to confirm these results. 
In part they are not peculiar to tuberculosis. The rest we could not 
satisfy ourselves to bo anything more than artefacts. 
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another girl of three years whose temperature ranged between 
101° and 104°, the leucocytes were only 7,224, or subnormal for 
that age {vide infra, page 336). 

5. "CaseB where at the primary operation the pus proved 
sterile show an increase in the leucocyte count when the wound 
becomes infected with pyogenic organisms" (as it always 
does). 

t>. "The red cells are rarely diminished, but the luemoglohin 
is usually relatively low (mild secondary aueemia in these cases). 
This absence of a diminution in the red cells in these cases is 
the more remarkable because they were almost all in young chil- 
dren whose blood is much more sensitive to any deleterious in- 
fluence than that of adults." 



QaalUaiaft Ohangei, 

j (a) As in other forms of tuberculosis there may be none at 
all. (b) The sluggish cell metamorphosis iu purely tubercular 
cases is illustrated well by Case 17 of Dane's series, a boy of 
seven whose blood on the day of operation for hip disease with 
large abscess showed 8,932 leucocytes. The differential count 
was as follows : 

IT ||— 

Polymorphonuclear neutrophils 40 

Small lymphocytes 48 

Lance lymphocytes and transitional forms 8 

K< »i in .| ill i let 8 

Cight ounces of pus were evacuated, in which cultures showed 
the absence of pyogenic organisms. 

This case demonstrates that tubercular suppuration has no 
tendency to produce leucocytosis or to increase in the adult leu- 
coeyUw (neutrophils), but influences the blood only by produc- 
ing what might be termed a functional debility of the blood 
through lack of nutritive substances in the plasma; the 
young cells do not grow up so fast as usual. Tins condition 
is by no means peculiar to tuberculosis, but occurs in a 
great variety of debilitated or cachectic conditions, as already 
stated. 

(c) But when a septicemia complicates the tuberculosis, cell 
metamorphosis appears to !«• accelerated, and we get with the 
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quantitative increase of leucocytes such qualitative changes as 
the following : 

Percent 

Polymorphonuclear neutrophils 84 

Lymphocytes (small) 9 

Lymphocytes (large and transitional) 6 

Eosinophils 1 

This was a case (No. 33 of Dane's series) in which the ab- 
scess, sterile when first opened, had become inoculated with the 
staphylococcus aureus. 

(d) Not every case with leucocytosis shows qualitative 
changes as the above. One of Dane's cases (No. 22, a boy of 
seven) showed a leucocytosis of 23,387, but only sixty per cent 
of these were polymorphonuclear, and two per cent eosinophiles. 

In a case recorded by Dane (No. 32), tubercular osteomyelitis 
showed 6,083 white cells (subnormal, as the child was only two 
years old) with sixty-four per cent of polymorphonuclear cells. 
The pus from the bone cavity showed no pyogenic organisms 
on culture. Ordinary septic osteomyelitis gives very different 
results (see page 205) . Dane's cases were almost exclusively 
hip and spinal affections. 

The following cases from the Massachusetts Hospital records 
illustrate tuberculosis of other bones : 



Case. 


Diagnosis. 


Red cells. 


White 
cells. 


Percent 
haemo- 
globin. 


1 
2 
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HI. ACUTE MILIARY TUBERCULOSIS. 

Probably there are no important changes in the red cells or 
haemoglobin. The number of cases on record is too small to 
enable me to speak positively on this point, but the acutenefiH of 
the disease would lead us to expect the normal or approximately 
normal conditions recorded in the few published cases. 

About the leucocytes we know more. 
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Quantitative Changes. 

Normal or subnormal counte are the role. When occasion- 
ally there occurs a leucoeytoais it may be inferred that tlw 
miliary process accompanies a suppurative oue, and that tho 
latter and not the former is responsible for the increased number. 

Warthin' reports a case with autopsy in which he made over 
thirty counts of the white corpuscles, verifying the more re- 
markable results by repetition. Autopsy showed, besides mil- 
iary tuberculosis, a cavity in the lower lobe of the right lung 
and a suppurating focus about the seminal vesicles containing 
four ounces of pus rich in tubercle bacilli. Whether pyogenic 
organisms were oJho present is not stated. The leucocyte 
counts were as follows : 
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' Medical News. 1805. 
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In another case he found also a subnormal count. Rieder 
found normal counts in two cases. Yon Limbeck states that 
the leucocytes are normal, but gives no counts. 

The following cases from the Massachusetts Hospital records 
illustrate these points : 
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Qualitative ( 

So far as I can ascertain Warthin's is the only record of the 
qualitative changes among the leucocytes. In the case above 
quoted, he repeatedly made differential counts of the leucocytes 
by Ehrlich's methods with this average result: 



Polymorphonuclear neutrophiles 91.49 

Lymphocytes (email) 5.59 

Lymphocytes (large and transitional) 3. 0B 

Eosinophils 0. 

Myelocytes 3 



IV. TUBERCULOSIS OF SEROUS MEMBRANE. 

1. Tubercular PERrTONrna. 

The blood condition is exactly as in other forms of tubercu- 
losis, except in so far as it is modified by the drain exerted on 
the blood by diarrhoea or by transudation or exudation into the 
peritoneal cavity. Such events concentrate the blood by with- 
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drawing water ami albumin from it and may give us a normal 
number of red cells per cubic millimetre, when in reality a con- 
siderable antenna is present. As a rule, the blood shows a mild 
secondary anwniia without leucocytosis or with leucopenia. 
This is exemplified in the following tables from the Masaa- 
chusetts Hospital records : 
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I know of no differential counts of leucocytes iu tubercular 
peritonitis. Presumably the sluggish metabolism, of the cells 
found in other forms of pure hlbercnloBis exists hers and causes 
an excess of the monrnim-leai- lymiii^i i li-nn-uts. 



2. TruEiiri-L.nR Peritonitis. 

Remarkably few counts are on record so far as I a 
tain. Vuti Limbeck gives bnt a Biu^'le case (with smtnpsy). 
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Four counts, the last on the day of death, showed the follow- 
ing: 



May22d, 1889 
u 23d, 1889 
14 24th, 1889 
u 26th, 1889 



Leucocytes 8,000 

8.000 

6,000 

7,500 



Kieder records two cases, in one of which the leucocytes were 
"normal or subnormal; in the other increased." In both diag- 
nosis was confirmed by autopsy. The counts in these cases 
were as follows : 

Case I.— February 26th, 1891 : Leucocytes 7,800 

March 2d. 1891 : Leucocytes 5.900 

Case II.— May 30th, 1891 : Leucocytes 14,400 

Pick 1 saw two cases : 

Case I.— February 28th, 1890 : Leucocytes 6,500 

March 5th, 1890 : Leucocytes 8.000 

In the second case there was also no leucocytosis. Autopsy in 
both. SorensenV two cases showed respectively 8,300 and 9,400 
leucocytes. My own results in three cases are as follows: 



No. 


Age. 


Sex. 


Red cells. 


White cells. 


Percent 
haemoglobin. 


Remarks. 


1 
2 
3 


24 

45 

Adult. 


F. 
M. 
M. 


4,590,000 


6,600 

8,000 

21,500 


46 


Autopsy. 

u 

M 



These are, so far as I can ascertain, the only cases of uncom- 
plicated tubercular meningitis with autopsy in which blood ex- 
aminations are recorded and in all but one of these nothing is 
said about red cells or haemoglobin. Botch mentions a single 
case complicated by an appendicitis in which the following count 
is recorded (girl of eleven years) : 

Red cells 5,298,750 

White cells 37,500 

Haemoglobin (per cent) 68 

Whether the leucocytosis was due wholly to the appendicitis 
or not we cannot tell. 

1 Cited by Rieder. 
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I Lave examined no other cases of uncomplicated tubercular 
meningitis in which autopsy confirmed the diagnosis, In two 
eases in which vlinicaUi/ the diugnosiswas tubercular meningitis 
I found moderate leukocytosis, iu one with ninety-one j>er cent 
polymorphonuclear cells. Two of the cases of miliary tubercu- 
losis above mentioned had marked meningeal symptoms and 
plenty of tubercles iu the meninges, but being « pflMrtd and in>l 
a local process no conclusions as to the blood of tubercular 
meningitis can be drawn from the absence of lencocytosis in 
these cases. 

On the whole, although it seems probable that pure tuber- 
cular meningitis, like other pure tubercular processes, has in 
most cases no tendency to raise the leucocyte count, the uuiuIkt 
nf ivconl.'d riisi.s is slill t<io sni.'dl I" I'lialili' us In speak » ith 
certainty 'Hi the poiut. The red cells and haemoglobin show 
probably the same changes as in other forms of tuberculosis. 

3. Tubercular Pericarditis. 

Id one case in which tubercle bacilli were repeatedly demon- 
strated in the fluid obtained by tapping the pericardial sac I 
found no leueocytosia. I have not met with any other reports 
on the blood iu this condition. 



4. Tubercular Pleurisy. 

No doubt a large proportion of all pleuritic effusions are 
tubercular in origin, but, so far as I have seen, no counts are re- 
i-'i'did in cases proved by culture or inoculation to be tuber- 
cular. The low leucocyte counts in most pleurisies (see a1>ove, 
page 211) tend to show that they are tubercular and not due to 
pyogenic organisms. 

l'i.k BMOtiotH that he finds no lencocytosis iu tuberculous 
III. urisy when uncomplicated by phthisis, but reports no actual 
counts. 

6. Glandular Tcberculosib. 

In cases of so-called scrofulous glands, whether in children 
or adults, the blood shows no important changes except that in 
children the haemoglobin may be considerably diminished. 
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Leucocytosis is absent unless an abscess has been opened 
and infected. Whether or not tuberculosis of the abdominal or 
other internal lymph glands affects the blood, I am unable to 
say. 

6. Gentto-Urinaby Tuberculosis. 

Here the opportunities for a secondary pyogenic infection 
are so good that in well-marked cases we find the blood of 
septicaemia present. The following cases, all involving the 
bladder, kidney, and the external genitals, illustrate this point : 



No. 


Age. 


Sex. 


Red cells. 


White cells. 


Per cent 
haemoglobin. 


1 
2 

3 


30 
41 

22 


M. 
F. 

F. 


3,796,000 
8,588,000 
3, 000, 000 -f- 


14,452 
10,400 
14,452 
10,200 


44 
55 






» 



SYPHILIS. 



Reiss, in an article in the Archivf. Dermatologie und Syphilis, 
1895, Heft 1, says that the general constitutional influence of the 
poison of syphilis is best indicated by the condition of the 
blood. In one hundred cases he has arrived at the following 
conclusions regarding the 



Red Cells and Haemoglobin. 

During the time between the chancre and the secondary symp- 
toms, the red cells are slightly decreased, but this is much more 
marked after the appearance of secondary symptoms and con- 
tinues for a time even after treatment has begun. The haemo- 
globin sinks steadily from the time of the primary lesion on, 
but is not especially affected by the eruption. Even under 
treatment the haemoglobin ??et?er gets quite up to normal and pro- 
longed mercurial treatment lowers it, although mercury has at 
first a beneficial effect on the haemoglobin as well as on the other 
constituents of the blood. 

Konried ' goes further into detail. According to him, in the 

1 International Dermatological Congress, 1802. 
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first four to seven weeks after infection, the number of red eellB 
remains normal, but the haemoglobin l>egins to full off, losing 
from ten to twenty per cent in that time. Afterwards it sinks 
steadily unitl treatment is begun, the number of corpuscles also 
falling slightly. 

Newmann and Konried,' reporting in 1893 on two hundred 
cases, say that up to the time of the secondary symptoms from 
twenty-five to thirty per cent of haemoglobin is generally lost, 
without much change in the red cells, which sink considerably in 
number after the outbreak of secondary lesions. Lezius" lik^ 
wiae finds no diminution in the mrmlter of red cells until the out- 
break of secondary lesions. 

All these changes, like those about to be described, are apt 
to be more marked in women than in men. In cases going ou 
to the secondary stage untreated, the hemoglobin may sink to 
as low as twenty-five per cent. In the tertiary stages nurl in 
hereditary and so-called "constitutional syphilis" the red cor- 
puscles are much more seriously affected, diminishing con- 
siderably in number as well as in weight and color. The 
hereditary syphilis of infancy may indeed produce fatal 
anaemia and very low counts are common, with large num- 
bers of nucleated red cells and great deformities in shape 
;uu! ti/.i\ 

The effect of mercurial treatments on the red cells is interest- 
ing. Gaillard ' found that the count of red cells increased dur- 
ing the first fourteen days and the haemoglobin during the first 
twenty-four days of treatment. After that time, if mercury was 
still given, the haemoglobin and later the number of corpuscles 
began to decline. 

Konried (loc. dt.) found the haemoglobin to rise during the 
administration of the first twenty-five to thirty-five inunctions, 
after which it began to go down. This was in cases in which 
treatment was begun just after the onset of secondary symptoms. 
In the worst cases it sank even as low as forty-five per cent de- 
spite treatment, and this usually means a bad prognosis and 
severe tertiary symptoms to come. In one of my own cases the 
hemoglobin was only thirty -seven per cent, though the red cells 
were 4,988,000 (color index, .37). 

1 Wiener Ufa. Woch. . 1893, No. 19. • InauR. Dissert. , Dorpat. 1889. 
' Gaz. dee Hop., 1885. No. 74. 
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Cases often show spontaneous improvement in their anaemia 
as well as in other symptoms. 

Justus 1 in three hundred cases claims to have observed a 
peculiar reaction of the haemoglobin in syphilis, which does 
not occur in any other disease, and which he considers of much 
diagnostic value. 

According to him, if in cases in which secondary symptoms 
have not yet appeared, we test the haemoglobin and then give an 
inunction or a subcutaneous injection of mercury, we find that 
within twenty-four hours a very marked fall in haemoglobin has 
taken place (ten to twenty per cent), owing to the action of the 
mercury on the weakened corpuscles. This sudden fall is fol- 
lowed by a gradual rise until within a few days the coloring 
matter is at a point slightly higher than before the mercury was 
given. In diseases other than syphilis this sudden drop does 
not occur. After the advent of secondary symptoms the pecu- 
liar reaction to mercury does not occur. 

No evidence for or against this observation has as yet been 
brought forward by others. In view of the large number of 
cases in which Justus has tried the experiment it is certainly an 
interesting observation and deserves to be followed up. If true, 
it might give valuable assistance in the diagnosis of doubtful 
cases before the appearance of the "secondaries." 

White Cells. 

1. Here the changes are very characteristic. In the first 
stage the leucocytes are either normal or slightly increased, but 
the percentage of adult forms is almost always notably low, and 
that of the young forms (lymphocytes) high. If mercury is 
given at this stage, the adult forms begin to increase toward 
normal and the young forms proportionately to decrease. [Mer- 
cury given to healthy persons has just the opposite effect, in- 
creasing the young cells at the expense of the adult forms.] 
Iodide of potash works exactly like mercury in this respect, in- 
creasing the adult leucocytes in syphilis, while it diminishes 
them in healthy persons. 

2. As the eruption breaks out leucocytosis (12,750 in one of 
my cases) generally appears, the relative proportions of young 

1 Verhandl. d. 5. Cong. d. Deut. dermatolog. Gesellschaft, Septem- 
ber, 1895. 
16 
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colls and of eosinophils usually being increased. Treatment 
with mercury and potassium iodide tends to briny down the 
count (if whit© cells, while it raises the count of red ; and among 
the white cells to increase the adult forms. 

In the tertiary stages, with the severe an&iuia which is often 
present, there occur occasionally leukocytosis, not uncommonly 
with small percentages of myelocytes, and a marked lymphocy- 
tosis. Miiller 1 has described four cases of amentia in syphilis so 
severe as to simulate pernicious aniemia very closely. In one 
the red cells sank to 720,000. Laaehe' mentions a similar case. 

There are no constant changes in the blood plates. Specific 
gravity follows pretty closely the hiumoglobin |x_-reentage. 

Diagnostic Value. 

Justus' reaction of syphilitic blood to mercury, if true, might 
be of great value in distinguishing early syphilis from various 
other causes of debility. 

The occurrence in adults of leukocytosis with increased per- 
centages of young leucoctyes anil of eosinophiles, is very sug- 
gestive of syphilis as against tuberculosis, typhoid or malig- 
nant disease. In children, rickets and other diseases may give 
similar blood changes. The chief value of the blood examina- 
tion, however, in syphilis is not for diagnosis but H a mMnM 
of the stage and severity of the infection. Low haemoglobin and 
high percentages of the young forms of white cells are ebaracter- 
isin' ( ,f v'wir I VI'."-;. L.-u<-<n'ytosi.H usually means that the case 
has got beyond the primary stage, while in the tertiary stage 
the presence of myelocytes with a marked amemia is of serious 
import. 

Certain cases of this last type may closely resemble perni- 
cious anaemia, from which, however, they are to be distinguished 
by their low color index, the frequent presence of lencocytosis, 
and the relative infrequency of megaloblasts as compared with 
the normoblasts, in case nucleated red cells are present. 



Winiarski (Pi-tcmhinyr medicinische Worhf.im'hrift, 1 *'.*->. 
j»ge 365) gives a careful study of seventeen cases of leprosy. 

1 i.'lun ii..- Atjuiili.Ti, vol. XIV. « Loc. eit. 
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He finds in young persons with mild cases no changes from the 
normal blood. 

In severe cases, especially in old people, the anaemia may be 
severe (2,290,000 red cells with fifty-four per cent of hemoglo- 
bin) and even comparable to pernicious anaemia (1,989,000 red 
cells with sixty-three per cent of haemoglobin). In anaemic 
cases the color index is apt to be high, in one case 1.7( !). Such 
severe types are associated with an increase of the average 
diameter of the red cells which explains the high color index. 
The haemoglobin was not relatively low in any case. 

Leucocytes. 

No increase was present in any case. Four cases were sub- 
normal. The percentage of young cells, as in other debilitated 
conditions, is often high (forty -five to forty-seven per cent). 




DISEA 



OP THE DIGESTIVE APPARATUS. 



1. (Esophagus (see Malignant Disease, page 287). 

2. Stomach. 

The conditions existing in the stomach may influence the 
blood profoundly in three ways : 

(«) They may be such as to prevent the normal absorption of 
nitrogenous material on which the blood, like all tissues, is ab- 
solutely dependent. Then the blood becomes starved. The 
extreme of this condition is the so-called "atrophy of the 
gastric tubules" which may produce a fatal auremia. In lesser 
degrees the same process is at work in many forms of chronic 
dyspepsia, gastritis, or chronic starvation. 

(/') They may lead to severe and repeated hemorrhages. 

(c) They may lead to an auto-intoxication which poisons the 
Ii1c»m1 as well as other tissues. 

On the other hand, it is probably through the influence of an 
altered blood serum ou the duodenal mucous membranes that 
ulcer of the duodenum is a sequel to severe burns of the surface 
of the body. 

For an account of the influence on the blood of digestion, 
ingestion of liquid, and starvation, see page 83. 



DISEASES OF THE STOMACH 
GASTRIC CANCER. 
(See Malignant Disease, page 287.) 



KAKTKIC I'LCEK. 



GASTRIC ULCER. 

Red Cells and Haemoglobin. 

A severe anaemia is common. Out of the 28 cases in Table 
XXV. , 13, or nearly one-half, had less than 50 per cent of hemo- 
globin, and of the 21 in which the red cells were counted, 5 had 
under 3,000,000 red cells per cubic millimetre. The average 
count of red cells at the time when treatment began was 3,800,- 
000. There is no single disease, so far as I am aware, in which 
the red cells are so apt to be so low, except pernicious anae- 
mia. Even cancer, as a rule, does not fall so low. This is due 
in part, no doubt, to the frequency of hitmirriiiii/e from the ulcer, 
but it is not uncommon to see very marked anaemia in patients 
who had never had a hemorrhage. The ana?mia is as much 
cause as result of the ulcer; most probably both are due to a 
common (unknown) cause. 

This amentia is all the more striking when we remember that 
the frequent vomiting from which most patients suffer tends to 
concentrate the blood, increase the number of cells in a drop and 
so to make the blood seem less antemic than it really is. This 
tendency to concentratiou is probably effective in the cases ob- 
served especially by Oppenheimer, ' in which despite great 
pallor he found normal counts of red cells and hemoglobin. 

It is in sueli cases that the estimation of the dry residue of tbe 
blood serum would be of real value could it be made short and simple 
enough for clinical work. Grawitz, who is the prophet of this branch of 
blood examination, gives an interesting case illustrating this point. 

A girl of twenty-five, suffering with peptic ulcer, and exceedingly 
pale, showed ou counting the corpuscles 4. HO, 000 per cuhic millimetre (no 
considerable reduction), and ninety per cent of hemoglobin. A second 
count showed 4,840,000corpuscles and ninety-one per centof haemoglobin, 
But the dry residue of the serum was reduced to three- fourths its normal 
amount. The serum suffers in anwmia aH much as the corpuscles do, 
Any influence which deprived the serum of one-fourth of its normal solids 
foadema being absent) must have really affected the corpuscles very much. 
Therefore the corpuscles must actually have been redored lo about 8, BOO, 000, 
the reduction being masked by the concentration of tbe blood from vomit- 
ing. Lymph cannot have run into the vessels and diluted the serum, for 
(owing to the vomiting) the tide is all the other way. If then iheaeram ii 

1 Deut. med. Woeh., 1689, No. 48. 
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reduced aquarter the corpuscles mui 


tbeaolikewise. Unfortunately, to tent 


the dry residue of the blood serum requires i 


lore time, skill, aud apparatus 


than clinicians are apt to have. It 


is valuable whenever we uinh to know 


whether or not au anfemia is being 


masked 


j y concentration of the blood. 


Id severe cases the usual 


i/unlita 


ive BVidmcea of secondary 


antenna (deformities, nucleated corpuscles) are to be found. 


Table XXV. — Gastric Ulckk. 












Percent 




i 


J 


1 


BM MH» 


Whir* wilt 


S", 


Rank 


1 


38 


F 




20,000 


80 


March 27th. Temperature up ; 
























95 


April I5th. 


S 


58 


M 


2.031.300 


17.300 


80 


Hemorrhage and perforation. 


8 




K 


s,OM,oei 


12,500 


8a 




4 


"20 


F. 






77 


April 28d. 

- 80th. 












83 












90 


May 0th. 








7,700,000 


10,000 


60 

25 


" 14th. Vomiting. 
" 27lh. 
January 10th. 


5 


38 


F. 


3.210,000 


0,280 








4,000,060 


7.000 


35 

40 
55 


February 1st. 
8th. 
17th. 


e 


29 


r. 


4,380,000 


8,800 


51 


AiiRUft Mtb, 7 p.m. Gastric 
ulcer and chlorosis. 
























02 


Sf]it.'inljcr 9d. 












01 


9th. 












72 


15th. 


i 


30 


F. 


5,130,000 


8.800 


03 




6 


69 


F. 


3,580.001 


8,880 


40 










'■,1'N.I 


0,000 


20 


Om week after, ou enemata. 








Jt.KMHHN 


0,382 


40 


One month later. 








3,1130.00* 


1000 




Ten days lat.tr. 


9 


07 


M. 


8.488.000 


7,000 


42 


August 13th. Hemorrhage 
one-half pint four days ago 
and same today. 








2. «0t), 000 


0,000 


87 


aopMtMb, 


10 


23 


F. 


1,079,001 


6.000 


40 


Hemorrhage one pint the pre- 
vious day ; blood in fltonls. 














11 




F. 


2.024.000 


5,700 


26 


Slight deformities in red cells. 
Ititember 8th. 








9.404.001 


4,000 


80 


Slight deformities. Decern- 
bn 18th. 








8,050,000 


15,300 

(Dig.-<i..n. 


30 


No deformities. December 
31st. 








3,450,001 


\ 


48 




1! 


29 


M. 


l.OT'J.IMK 


8,700 


90 


June tth, No blood. 








1,. WO, 000 


1,800 


10 


- 18th. Doing wan i slight 
blood in vomitim, none in 








I 049,001 


8,000 


88 


lulv Id. 




9,944,001 


8,000 


08 


"" 17th. 
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Table XXV. — Gastric Ulcer (Continued). 













Percent 




• 

e 


It 


H 


Red cells. 


White cells. 


haemo- 


Remarks. 


fc 


F. 






globin. 




18 


28 


5,240,000 


5,600 


54 


February 14th. 








5,144,000 




55 


March 2d. 












48 


u 6th. 


14 




F. 


8,460,000 


5,500 


48 


Poikilocytosis. 


15 


Adult 


F. 


5, 168, 000 


4,600 


78 




16 


22 


F. 


8,584,000 


4,400 


85 




17 


24 


F. 


8,200,000 


4,000 


45 
87 
45 
55 
65 


Two weeks later. 
Three tt 
Five tt 

Six 


18 


22 


F. 


4,704,000 


4,000 


65 




19 


22 


F. 


5,152,000 


2,800 


46 




20 


27 


F. 


5,776,000 


2,600 


95 




21, .. 


• • • 


1,808,250 








22. 28 


F. 
F. 






85 
73 




28 


87 






September 6th. 
18th. 












75 


24 


21 
24 


F. 
F. 






108 
52 




25 






October 10th. 




22 


F. 






80 
48 
55 
65 


15th. 


26 








27 






March 12th. 












u 24th. 












70 


April 1st 


28 


17 


K 






50 


May 7th. 
u 16th. 












55 












70 


a 24th. 












70 


April 1st. 












80 


u 8th. 



Haemoglobin. 

As a rule the color index is low. Only one examination in 
the cases of the Massachusetts Hospital series showed an in- 
creased amount of haemoglobin per corpuscle, and as this was 
not repeated or verified, it may have been a mistake. In all the 
other thirty examinations the color index was low (e.g., Case 6, 
color index = .39). 

Yet Osterspey records 1,900,000 red cells with 31 per cent 
of haemoglobin (color index = .81) ; 3,296,000 with 70 per oent 
haemoglobin (color index = 1.09) ; 4,048,000 with 84 per oent 
haemoglobin (color index = 1.05). Such cases are certainly 
rare. 
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While CM*. 

Leucocytosis is practically never seen except after hemor- 
rhage and during digestion. Whsn patieuts who have been fed 
for some time by the rectum are first given food by the mouth, 
the digestion leukocytosis may be very great, as in Case 11 of the 
above series, in which the cells increased from 4,000 to 15,500! 
The presence of a leucocytosis, when the influence of bleeding 
and digestion are excluded, is against the diagnosis of ulcer uf 
the stomach. 

Duodenal Ulcer. 



'SE 


Age. 


1 


HcdwUs. 


Whito 

ttllB. 


Per «ul 


EttMMtt, 


1 

3 


30 
4? 


M 

H. 


2,100.001 

B, 480,001 

3,630, OW 


N in 1 1 ml 
12,0110 
7, MO 
11.000 
11,000 

6.000 
6.500 


60 
80 

88 

30 


July 34th, much coffee grounds. 
July 20th (five days dinting). 
Four hours after meals. 
Constant feeding, July 30th. 
August 8th. 
August 21st, operation. 



These figures are given limply to Bhow that the blood in 
duodenal ulcer undergoes much the same changes as in gastric 
ulcer, and need no further comment, 



ACUTE GASTRITIS AND DYSPEPSIA. 

Acute gastritis or gastroenteric attacks (Hayeni's "embarras 
gtutriqne") do not affect the red cells or luemoglobin, but are 
very often accompanied by leucocytosis (see Tables XXVL, A 
and B). Where this is the case, it may help us to exclude 
typhoid fever, which has no leucocytosis. Even a twenty-four 
hours' dyspeptic attack may increase the leucocytes notably, as in 
Cases land 2 in Table XXVI., A, and the presence of such an in- 
crease need not make us suspect anything behind the dyspepsia. 
It is probably to be classed as a toxic leucocytosis due to ab- 
sorption of morbid products from stomach or intestine. Fibrin 
may he increased during the period of leucocytosis. 
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Table XXVI., A— Acute G astro-Enteritis. 



« 

o 


Age. 


1 

M. 
F. 
F. 
F. 
F. 
M 


Red cells. 


White 
cells. 


Per cent 
haemo- 
globin. 


Remarks. 


1 

2 
8 
4 
5 
6 


81 
18 
80 
28 
17 
88 

70 
87 
57 
28 


7,000,000 
5,184,000 
4,860,000 
6,244,000 
4,600,000 


18,000 

15,000 

14,200 

11,600 

11,000 

marked 

increase 

10,000 

9,200 

6,000 

5,400 


85 
80 
86 
70 

90 
68 

95 


Well next day. Temp. 104°. 
Well next day. 
Well in three days. 
Well in two days. 

Well next day. 
Temperature 101°. 


7 
8 
9 


F. 
M. 
F. 
F. 


4,682,000 
4,186,000 


10 


5,144,000 





Table XXVI., B— Dyspepsia and Gastritis. 



& 



8 

4 
5 
6 

7 

8 

9 
10 
11 



Age. 


M 

M. 

F. 

F. 
M 


Red cells. 


White 
cells. 


Per cent 
hflBmo- 
globln. 


24 

27 

26 
28 


6,280,000 

4,750,000 
4,920,000 


22,700 

12,800 
14,000 

11,000 

11,000 

8.924 

7,826 

7,000 

6,000 

4,000 
8,200 
2,800 


• • • • • • • 

74 

55 

86 
77 
75 

68 

80 
45 
50 




5,016,666 


87 
80 

41 

49 
18 
60 


M 


F. 

M. 

F. 
F. 
M. 


8,678,000 

4,524,000 

4,200,000 
5.016,000 
8,504,000 



Remarks. 



Gastralgia ; constipation ; whole 

belly tender. 
Three days later ; well in a week. 
At mealtime, 11,200; four hours 

later, 12,150. 
Dyspepsia. 
Acute gastritis. 

Chronic gastric catarrh. 
Nervous dyspepsia. 
Before meal, November 1st, 
6,000; November 2d, 6,800. 
After meal, November 1st, 
6,800; November 2d, 7,400. 
Chronic gastritis. 
Dyspepsia. 
Chronic gastritis. 



CHRONIC GASTRITIS. 

(See Cases 6, 9, and 11, Table XXVI., B.) 

Here the conditions are different and we never find an in- 
crease of the white cells, but often a decrease due to malnutri- 
tion. Digestion may produce no leucocytosis, or the increase 
may be very slight and late in appearing (four to five hours after 
a meal instead of two to three hours). 
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Aniemia is very often present itud may be extreme. It is be- 
lieved by very high authorities that a pentieiom amemia may be 
caused by chrouic gastritis with atrophy of the gastric tubules. 
The writer has never had the good fortune to see such cases. 

The practical points about the blood of chrouic gastritis are: 

(«) The not infrequently severe anieinia. 

(Ij) The uot infrequent alwence of digestion leucoeytosis as in 
gastric cancer, from which therefore the absence of digestion leu- 
cocytosia does not distinguish it. 

The presence of a leucoeytosis militates against the diagno- 
sis of chronic gastric catarrh, and, if hemorrhage is excluded, 
points toward c 



HYPERACIDITY AND HYPERSECRETION. 

The leucocytes average higher in these conditious than in 
chronic gastritis or dyspepsia with normal or decreased secre- 
tions (see Table XXVTX). Otherwise the blood is not re- 
markable. 

Table XXVII. —Hyperacidity and Hypersecretion. 



A 


Are. 


1 


RedwIU- 


SB 


Ptreent 

lll.'M,..- 

Klobio. 


_• 


i 


Adult 


M 


b,om,ob< 


13. 800 


83 




2 


80 


V 


r..:iw,(M.x 


10. *10 


82 


L.'hronic 1Mb lib. 


1 


40 


M. 


.J.:ilW.<KN 


10,000 


85 


(Bight digratJon IsucocVtosU : 
12.370 Mom meal, 14,300 tlir«« 
hours later. 


4 


40 


M. 


8.340.000 


7,730 




Dilated stomach ; Do digestion 
leucoeytosis. 








4,018, OK 


S.B1M 









07 


M. 


(,100,000 


H.000 


34 


Lead poisoning and dilated 
stomach. 



Dilateii Stomach. 



->. 


Age. 


1 


Red cells. 


White 
celb. 


Per cent, 
tuemo- 
KloWn. 


_« 


1 

9 

4 
G 


22 
01 
47 
80 
04 


F. 
M. 
M 
F. 


8,818,001 

4.1H4.0(* 
I.T.'ii.lKK 

O.IWXI IKK 

5,884,001 


10.400 
0,600 
8,000 
6.000 
4,600 


88 
OS 

75 
70 


Nervous dyspepsia. 
Movable kidney. 
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DILATED STOMACH. 

In many cases proteid absorption is so faulty that the blood 
is severely starved, but the ancemia may be concealed by the con- 
centration of the blood brought about by the constant vomiting 
of large amounts of fluid. Kussmaul has shown that patients 
often vomit more fluid than tlvey ingest, and it is obvious what 
must be the drain of this process on the fluids of the blood and 
all other tissues. 

Digestion leucocy tosis is often absent, as in cancer or chronic 
gastritis. 

CORROSIVE GASTRITIS. 

The blood was examined in a case of this kind in 1895 at the 
Massachusetts General Hospital with the following result : Bed 
cells, 3,792,000; white cells, 32,500; haemoglobin, fifty-three per 
cent. 

DISEASES OF THE INTESTINE. 

Influence of Saline Cathartics on the Blood. 

Hay ' gives the following figures, showing the effect of sul- 
phate of sodium in concentrating the blood : Healthy man of 
thirty-three, 3:35 p.m. Bed corpuscles, 5,025,000; given 85 
c.c. of a concentrated solution of sulphate of sodium in water; 
thirty-five minutes later blood count showed red corpuscles, 
6,540,000; sixty-five minutes later blood count showed red cor- 
puscles, 6,790,000; four hours later blood count showed red cor- 
puscles, 4,930,000. Evidently much fluid was drawn out of the 
blood-vessels and then within four hours the tissues had sup- 
plied the loss and the blood had returned to its normal density. 

Hay also showed that dilute solutions of the same salt had 
far less effect in concentrating the blood. Farther he demon- 
strated that if the blood is already concentrated when the saline 
is given, no purgative effect follows. 

Grawitz confirms these results ; he found also that common 
salt still further concentrates the blood (hence its production of 

1 Hay: "The Action of Saline Cathartics." Journal of Anatomy and 
Physiology, 1882, p. 480. 
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thirst), and considers that (as this concentration accelerates 
coagulation) the hxranholcl use of salt water as a remedy to atop 
hemorrhage is well founded. 

Table XXVTI I. —Enteritis, Colitis, and Dybentert. 



1 


Aire, 


3 


a«d ccii*. 


While 
vM*. 


Per cent 


Remsrlu. 




40 

25 

A.h.lt. 
Adult. 

39 

a 

A.I tilt. 

37 
20 
28 
00 
40 
97 
84 


M. 

F. 
It 

M. 

F. 

F. 
M 
M. 

M 
M. 
M 

F. 
F. 

F. 


8,840,000 


17.000 
14.300 
7,700 

a, 800 

17,000 
13.000 
12.400 
10.00.1 
8,000 

8,000 

7.90O 
7.560 
7,000 
6 400 
5,300 
0.200 
0,000 
5.000 
4,200 


60 

08 

100 

72 

89 

80 
80 

87 
70 
71 


Chronic dysentery. August 20th. 
.September 3d. 

Sth.dvsenteryceased. 
- Mtt. 


8 
4 

fi 

e 

7 
8 
9 
II 


3.rt24,ooi 
4,:sv'o.oo< 
-*. r:tJ.iMW 
1,486,001 

8,770.000 

4.800,000 

4, 1«lf>. [HH 

-I.MTi.lMK 
.-..IHJK.IHK 
4.0OO.OUO 


Chronic entero-col itis. 

Ulcerative colitis. 

Two weeks later. 

Three weeks Inter; imich im- 
proved. 

Acute febrile dysentery ; bloody 
movements every hour. 

Ulcerative colitis. 

Chrooic enteritis. 

* ■ 1 1 :i r j-r i- - -:i and tetany. 
u _ diarrho-n (tubercular*). 

Bloody stools ten days. 


11 

14 


■J.(.lMi,(«K 
4.500,001 

3.y;o.iMH 


Chronic colitis. 
Iliiirrhu'ii. 
Chronic colitis. 



ACUTE ENTERITIS. 

Practically the great majority of cases of acute enteritis are 
part of a gastro-euteric attack, aud iu Table XXVI. (see page 
241) the two havo been lumped together. What was said of that 
table (page 240) need not l>e here repeated. Besides the slight 
leukocytosis there mentioued, we may find in cases in which the 
stools are very watery, a temporary concentration of the blood 
with increased specific gravity ami red corpuscles. 



CHRONIC DIARRIKEA. 

(See Table XXVTU.) 

In acute diarrhoea the other tissues respond to meet the loss 
of fluid sustained by the blood, and the blood is aoOD normal 
again. But when this process goes on long, the body becomes 
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so wasted that the blood must share in the starvation and the 
albuminoids are drained out of it, leaving it watery and poor in 
corpuscles. A patient of Grawitz after years of chronic dysen- 
tery had but 1,880,000 red cells per cubic millimetre, while the 
serum had twice the normal amount of water and half the normal 
amount of solids. 

Cases 1, 3, 4, 12, and 14 of the series in Table XXVUL show 
similar conditions. The haemoglobin, however, usually suffers 
most and the color index is low. 

Leucocytosis is rare, but does occasionally occur, possibly 
owing to some complication. 

Table XXIX.— Intestinal Obstruction. 



4. 
i 


Age. 


H 

<8 


Red cells. 


White 
cells. 


Percent 
haemo- 
globin. 


Remarks. 






3, 120, 000 


20,800 




Cancer. 


2 52 


M. 


5,568,000 


18,860 




9th of May, cancer. 










18,800 




17th of May, cancer. 
No feeces three days. 
No urine two days. 


8 


Adult. 


M 




14,666 
























12,400 




One day later, no faeces; urine 
drawn by catheter. 










4,100 




Three days later, bowels moved 
six times. 


4 


85 


M. 


3,504,000 


12,000 




Chronic obstruction with hemor- 
rhage. 


5 


21 


M. 


5,150,000 


12.000 




Obstruction (by a band). 


6 


56 


F. 


4,440,000 


12,000 


52 


Cancer. 


7 


57 


F. 


4,272,000 


11,000 


75 


Cancer. 


8 


Adult. 


M. 


5,800,000 


6,800 






9 


72 


M. 


4,850,000 


6,000 






10 


Adult. 


M. 


5,200,000 


4,000 






11 


u 


M. 


5,540,000 


4,000 







Cholera is discussed on page 184. 
For appendicitis see Abscess, page 195. 



INTESTINAL OBSTRUCTION. 

The only point brought out by Table XXIX. is that the 
white cells may be increased, especially where the obstruction is 
cancerous. Hence the blood count cannot be relied on to help 
us in the diagnosis between obstruction and peritonitis. It is 
more likely that the examination of the amount of fibrin will be 
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useful, as it is said to be increased in peritonitis and not in ob- 
struction. 

DISEASES OF THE LIVER 

CATARRHAL JAUNDICE. 

The serum is colored yellow or greenish-yellow and contains 
bile pigments in solution. In mild cases, i.e., where some bile 
goes to the intestine and the obstruction is not long standing, 
the blood if prru-tiottlti normal, as the cases in Table XXX show. 



Table XXX — Catarrhal Jaundice. 



i 


Ag*. 


i 


Red cells. 


nS 


Per win 


„™ tt 


I 


25 


V 


(.810,000 


ltl.OlHI 

8.000 

8.775 
7.500 
0.791) 
6,300 
0,000 
4.800 


77 
0(1 

47 

w 

70 

82 
78 

85 


Acute gastritis. 


8 
4 
B 


43 
31 
S3 
20 

85 " 


M. 

M. 
U 

M. 
M. 


2.MD6.II00 

4,000,001 

4,24*1.000 


Thri'.. liays later. 
Alcoholic gastritis. 

Dilated stomach; leadpoisoniug. 
Chronic. 


7 
8 


l.ftMJHM 

4,190,00! 



No one of the eight cases shows any leukocytosis and the red 
cells and hiemoglobin have not suffered except in the alcoholic 
case in which other causes for amemia were present. This is 
contrary to the observations of Grawitz, who found constantly 
leucoevtosis, but agrees, with those of v. Limbeck and Hayem, 
who never found any increase of leucocytes or any other changes 
iu the blood count. Coagulation and the amount of fibrin are 
normal. Von Limbeck noticed an itn-i-n'siil n-tsistunre of the red 
cells to the influence of distilled water and dilute saline solu- 
tions which in normal blood dissolve the luemoglohin. He 
noticed also that the size of the red corpuscles was greater Aon 
normal Hull volume in a given amount of blood lieing seventy- 
una to fighty-one per cent (i.e., they take up seventy-seven to 
< ij:lil v-ono rw>r cent of the room occupied by the drop) wfaik !])■■ 
normal is alxint forty-four per cent. This was in cases with 
unJj from 4,000,000 to 5.200,000 red cells per cnbic millimetre, 
bo that it was evidently due not to an overcrowding of the drop 
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with red cells but to a true increase of size in the individual 
cells. The same fact has been attested from a different point of 
view by the investigations of v. Noorden, who found the solid 
residue increased, and of Hammerschlag ; and Grawitz has noted 
an increase in the specific gravity of the whole blood, though 
that of the serum remained normal. 

Qualitative Clwrnges. 

Grawitz noted in severe cases that crenation took place much 
more rapidly than usual in freshly drawn blood, and that the 
rouleaux formation did not take place. This latter point was also 
noticed by Hofmeier l in icterus of the new-born. Silbermann * 
noticed in the same disease great deformities in the size and 
shape of the cells. In severe febrile icterus Weintraud noted 
in the red cells the white spots and streaks with active (molec- 
ular) movements described by Maragliano (see page 71) as en- 
doglobular degenerative changes. 

Summary. 

Normal blood, except for increased size of the red cells and 
some degenerative changes in severe cases. 

Diagnostic Value. 

The constant presence of leucocytosis excludes an uncom- 
plicated " catarrhal" jaundice, and points to the probability of 
malignant disease or inflammation (cholangitis, abscess). Syph- 
ilis and cirrhosis of the liver might show the same condition of 
the blood unless the characteristics of syphilitic blood were very 
marked (see page 234). From a severe cholaemia the absence of 
any marked anaemia distinguishes a purely catarrhal case. (For 
the changes in cholsemia see page 252.) 

CIRRHOSIS OF THE LIVER. 

1. Ordinary (Atrophic) Cirrhosis Without Jaundice. 

In the early stages (according to Hayem) neither the red cells 
nor the haemoglobin fall considerably. Most other observers 

1 "Die Gelbeucht der Neugeborenen, " Stuttgart, 1882. 
9 "Die Gelbsucht der Neugeborenen." Arch. f. Kinderheilk. , 1887, 
p. 401. 
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(perhaps thinking chiefly of the Inter stages) report marked 
anasmia. Wlajew' counted from 3,000,000 to 4,000,000 red cells ; 
v. Limbeck had a case with only 1,500,000. He noted that the 
count might be increased after a tapping in cases with ascites, 
owing to the concentration of the blood from the rapid refilling 
of the belly with serum. Grawitz, on the other hand, noticed 
precisely the opposite effect in a case whose blood before tup- 
ping had been concentrated by cyanosis, the heart's actum being 
embarrassed by the ascites. After tapping, when the heart's 
action had become easier and stronger, the cyanosis disnpj wared 
and the blow! count fell from 4,700,000 to 4,300,000. Iu v. Lim- 
beck's case it rose from 4,680,000 to 5,160,000. The moral is 
that we should draw no inferences from the count of red cells 
soon after a tapping. 

The ten eases in Table XXXI., A, were all advanced and their 
red cells averaged only 3,580,000 + per cubic millimetre. They 
steadily decrease as the disease progresses, one case getting as 
low as 1,300,000; but the anaemia may be concealed by cyanosia 
and concentration. 

Qualitative OkanffM. 

Hayem noticed a curious stickiness of the red corpuscles, a 
great tendency to adhere to each other. Von Limbeck looked 
for it, but could never find it. Hayem and Marnglmno Botind 
degenerative Bndoglobular changes in the red cells (" (tat cribri- 
formt") . 

I]"'iii"<ih'biii. 

Usually the color index is low; the average was .66 in the 
ten Massachusetts Hospital cases. 

White CdU. 

Except after recent hemorrhage none of our cases showed any 
leukocytosis, and the average count was 7,240, some cases hav- 
ing notably low figures (2,400, 3,000, 4,500). 

|[,i\cii]'s results agree with this. Von Limbeck makes H 
definite statement on this point. Rosenstein and Wlajew found 
leoeoi ytosla, the latter 12,000 to 17,000. Possibly their cases 
include the forms of cirrhosis with jaundice in which (see Table 
XXXI., B) the white cells are more often increased. 
' R*f. in VetenbuTXQT med. Worh.. 18M, (To r: 
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The forms of hypertrophic cirrhosis without jaundice (fatty 
infiltrated liver) are here classed with the atrophic cases whose 
blood has just been described. 



Table XXXI., A.— Cirrhotic Liver 



Se 


Age. 


i 


Red cells. 


White 
cells. 


rereent 


Remarks. 


1 


IB 


F 


'J. !'.">". 


16,000 




Recent hemorrhage. 




41 




.|.;iihmhm 


13.750 


55 


Liver enlarged ; ascites. 


I 


4H 


M 


■l.'.W.IilM 


a. 088 


63 


Recent hemorrhage. 


4 


53 


M. 


i.soo. aa 


8,000 
7,500 


as 

15 

IS 


March 10th. 
April 8th. 
April 18th. 
April 20th. 








B,aw,ow 


6,000 


20 


May 10th. 








'.>,;;::,, six 


5.300 


36 


May 11th. 








2..(.-Ml,tM« 


5.200 


20 


June 10th. 








4.. r .iMt,(MK 


7,800 


35 


June 16th. 


I 


m 


M 


M.-liiMMN 


8,320 


46 


Liver enlarged. 


1 


M 


M 


.(.PjHII.IKM 


5,000 


48 


Liver, atrophic. July 12th. 








4,3l3.0<Hi 


4,000 


63 


July 25th. 


1 


t 




j.nao.tMio 


4, BOO 
13.400 
15, arm 


56 


Liver atrophic. October 30th. 
November 7th, during digestion. 
" 11th, during digestion. 


H 






3,844, (KW 


8,000 
6.170 




Erysipelas. Died. 


A', 60 


\| 


n.fiiw.wxi 


3.400 


50 


Liver atrophic. 

August 6th. Died September 3d. 


1ft 53 


H. 


9,440,000 


2,400 


00 



Table XXXI.. B.— Cirrhotic Liver with Jaundice. 



:; niiMHii 
r,.iiit).!iim 



Liver enlarged. 
Livir t-nlarged. 
Adult cells, 83 per cent ; youn. 

cells, 17 per cent. 
Jaundice only transient. 
Autopsy (hypertrophic cirrhosis). 



2. Hypertrophic Cirrhosis with Jaundice. 

Bed Cells. 

True (biliary) hypertrophic cirrhosis Kith jaundice has ac- 
cording to I lay em an intense anosmia in many cases. In others 
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it lias do more effect on the blood than ordinary atrophic c 
ihosis. The six cases in Table XXXI., 13, averaged a little loi 
in the count of white cells than the ten atrophic cases, 3,200,000 
as contrasted with 3,580,000. 



Bamtghitn. 

In a single case of this variety of cirrhosis Hayeni found in 
fonr successive blood examinations a color index of more than 1. 
His counts are as follows : 





Bed crfln. 


White orli* 


fbK'll|w^N.I-|ll 


odor Urine 




t,MM00 

1,884.000 
1,708,000 
1.971.000 




41 

no 

50 

as 




nth 


M.BH 

18.083 
1.1,500 


1.80 











Dried specimens showed an increased average diameter of 
the cells as in pernicious antenna. The patient died January 
15th and the autopsy confirmed the diagnosis of hypertrophic 
cirrhosis. 

The observations of v. Limbeck of the increased volume of 
the red cells in jmaufot may perhaps be another example of 
the condition here noted by Hay em. The presence of bile in 
the blood makes all hienioglobiu estimations unsatisfactory. 

Only one of our six cases showed this same condition — Case 
5 in Table XXXI., B. The corpuscles numbered '2,004,000, or 
forty per cent, and the hemoglobin fifty per cent, a color index 
of 1.25. This case was jaundiced at the time of the exami- 
nation. 

I have seen uo confirmation of Hay em "a observation by any 
i.tli.'i- writer. 

Whiic Cfefl*. 

Leucocytosis is commoner in this than in the other variety 
of cirrhosis. Hauut and Menu ier found from 9,000 h) 91,800 
leucocytes i>er cubic millimetre m five cases of hypertrophic 
cirrhosis and an average uf 11,1100 iu ordinary cirrhosis. Len- 
cuBjtOBU was present in four of the six cases of tbe U 
setts Hospital aeries, the average of all six being 9,000. 
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Diagnostic Value. 

The blood of either form of cirrhosis has no diagnostic value, 
so far as I know, except to exclude abscess and hydatids. If no 
leucocytosis is present, abscess and hydatid cyst can usually be 
excluded. 

HYDATID CYST OF THE LIVER. 

The only observations which I have met with are those of 
Hayem, who states that the blood shows leucocytosis and in- 
creased fibrin. 



ACUTE YELLOW ATROPHY OF THE LIVER. 

Grawitz records a case with 5,150,000 red cells and 16,000 
white cells. 

A single case with autopsy was studied at the Massachusetts 
General Hospital in 1894, the blood showing 5,520,000 red cells, 
12,000 white cells, and sixty per cent of haemoglobin. 

PHOSPHORUS POISONING. 

Taussig, 1 v. Jaksch, 8 Badt,* and v. Limbeck 4 note an increase 
in the normal number of red cells per cubic millimetre. Taussig 
found 8,650,000 per cubic millimetre ; Badt, 6,400,000, 6,500,000, 
and 6,800,000 in three successive cases; v. Limbeck, 6,500,000 
and 7,900,000. That this increase is not due to concentration 
of the blood through vomiting of liquid is proved by v. Lim- 
beck's last case, in which no vomiting whatever took place. 

The count usually falls to normal within a few days. All 
these changes were verified in thirty-three cases at the Stock- 
holm Hospital in 1892 (see Stockholm Hospital reports for 1892). 

The white cells in v. Limbeck's second case were increased 
to 12,500. In v. Jaksch's five cases the counts were 58,750, 
48,000, 8,000, 4,070,and 3,400. 

1 Arch. f. experiment. Path, und Pharao. , vol. xxx. 
* Deut. med. Woch. , 1893, p. 10. 
'Dissert, Berlin. 1891. 
4 hoc, cit. , p. 84. 
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L'HOL.EMIA. 

When jaundice is intense and long standing, as in complete 
obstruction of the bile ducts by gall-stones or tumors, the blood 
is weakened very notably, and haemoglobin and the intuit o! 
corpuscles fall steadily. Very little is to be learned upon the 
subject from the literature, but the qualitative changes men- 
tioned under catarrhal jaundice are much more marked, and 
leucocytosis is apt to be present. 









Table XXXII 


. A — Gai.l-Stones. 


No. 


1* 


In 


R»l nils. 


White tvUit. 


RMMkfc 


1 

S 

:t 
4 


89 
SO 
08 
40 
40 
88 

-'■; 

35 
35 
87 

24 


r. 

F. 
F. 
F. 

M. 
F. 
M. 

F. 

F. 
F. 

H. 


4,788,000 

4.ML'().rMK) 

4. 610,000 

4.520.000 


24.400 
20,000 
18.800 
18,000 
10,250 
8,800 
8,000 
8.000 
7.400 
7.800 
8,200 
4.000 


iHll-stoiif and cholangitis. Operated. 
Slignt cholangitis. Autopay. 

No pain: simple jaundice. 
Enlarged gallbladder. 
Jaundice. No fever. 
Jaundice. 


« 
7 
8 
» 


s.wa.ooo 
:i,aw,(MH» 
(,900,000 
£844,000 


11 


4,980,000 


Mi, 

Jaundice and pain recurrent. 









Table XXXI 1 


. B.— Cholanoitis. 


Ko. 


Ah-" 


S«l. 


Kedotlla. 


Wbile crlljl 


MMte 


1 
8 
S 

4 


85 


P, 
P. 

F. 
M. 
M. 


4.X00.IHK! 
n.JIKPINk) 

4,940.000 

4,070,000 


50,000 

80,000 
23.000 
14, MOO 
14.180 
11.000 

9.000 

11. *•*< 

4,400 


Suppurative cholangitis. 

Jaundice and cholwmia. 






October 20th. Operation October 22d. 

Ahscese of liver. 
Catarrhal. 

Catarrhal. 


7 
8 


38 


M. 
P. 


6. (HO. 000 
4,770,000 



GALLSTONES. 

Notter' and Sittmann* have found pyogenic organisms in 
cultures from the blood of patients with gall-stones, as have also 
Gilbert and Girode.' 

1 Progrea Medical, 1686, No, 46. 

■■ Drat Arch. f. klin. Med.. 1894. p. 323 

■ LaSemsinc Med., 1890. No. 58. 
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Of the 11 cases of this disease examined at the Massachusetts 
General Hospital 2 were complicated with cholangitis (see Table 
XXXII., A). Excluding these 2, leucocytosis was present in 
only 2 of 9 cases. The red cells were low in 2 cases (2,800,000 
and 3,900,000). 

The absence of leucocytosis helps us to distinguish the dis- 
ease from peritonitis and appendicitis, and excludes suppurative 
cholangitis. 

CHOLANGITIS. 

Here the leucocytosis is well marked whenever the inflamma- 
tion has got beyond the catarrhal stage (see Table XXXII., B) 
and helpB us to exclude simple impacted gall-stone, with or with- 
out colic. Cancer may or may not produce leucocytosis, but 
does not usually increase the fibrin network ; it is said by Hayem 
that cholangitis does increase it. 



ABSCESS OF THE LIVER. 

In all but one of the cases seen by the writer (see Table 
XXXIII.) the leucocytosis has been very marked. I have 
never been able to account for its absence in that case. 

The blood does not differ from that of cholangitis with suj>- 
puration. From cancer it may often be distinguished by the 
absence of increased fibrin network in cancer, while it is always 
increased in suppurations. 

Table XXXIIL— Abscess op the Liver. 



So. 


Age. 


Sue 


Red cells. 


WWW cell). 


Remarks. 




a 


20 

15 
60 

■isi 


M. 

F. 
7. 
M. 

F. 


4, .mooo 

"j.lHm.lKHi 

:i,7r,iMKK) 
4,460,000 


88,900 

48.000 
26.H00 
18,000 
13. BOO 
9.600 


January 11th, 1304. 

14th. Operated. 
Operated. 
Operated. 






3, 4-10,000 





CANCER OF THE LIVER. 
(See Malignant Disease, page 301.) 
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GUMMA OF THE LITER 



\</u Jaksch in a single case found red cells. ±,756.000; white 
edls, 6,1«>. 

DISEASES AFFECTING THE HEART. 

PERICARDITIS 

<See Inflammation of Serous Membranes, page 215.) 

ENDOCARDITIS. 

In many cases of acute endocarditis the blood shows no 
changes. In others, whatever alterations there may be axe cov- 
ered up by those involved in the rheumatic arthritis associated 
with the endocarditis. 

In certain cases, however, particularly in ulcerative or malig- 
nant endocarJitis 9 we may find the signs of a pyogenic infection 
(see page 188). Sometimes pyogenic cocci can be cultivated 
from the blood and if present may be of the greatest value in a 
d'uujnoH\H always difficult to make. 

Grawitz gf*?s so far as to say that in doubtful cases repeated 
negative results of cultures from the blood make it unlikely that 
ulcerative endocarditis is present. 

Hittniauu considers that important help may be given as to 
the position of the primary focus of infection by the nature of 
the organism. present in blood cultures — i.e., the pneumococcus 
pointing to the lung, the colon bacillus to the intestine, etc. 

1M Oil*. 

As in all forms of septicemia marked anemia rapidly de- 
velops, more rapidly probably than in any other disease. The 
hiemoglobin loses about equally with the corpuscles, according 
to most oljservors — that is, the blood destruction is so rapid 
that the red cells do not get thin before they die, as is usually 
the case, but are cut off in the prime of health. 

Further evidence of rapid blood destruction is seen in the 
hiemoglohinrcmia often present. 

1 Loc. cit. 
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Reseller (toe. cit.) records counts of 4,400,000 and 2,750,000, 
both fatal cases. In one case seen by the writer the count was 
3,792,000 with fifty-eight per cent of haemoglobin. 

White Corpuscles. 
Rieder reports a single case showing these variations : 

Temperature. White cells. 

January 2d, 1891 105° 17,000 

3d, 1891 99° 13,700 

8th, 1891 103° 15,500 

10th, 1891 101.5° 18,000 

12th, 1891 101.5° 21,300 

18th, 1891 101° 18,800 

22d, 1891 104.5° 18,000 

February 11th, patient died. 

Pee found leucocy tosis. Roscher in two cases found : Case 
I. : 8,800 leucocytes; patient died in two days. Case II. : 16,- 
800 and 12,000. Krebs in one case found: October 27th, 15,- 
500; October 28th, 44,200; the patient died same day. 

Five cases were counted at the .Massachusetts Hospital with 
the following results. In one only the fresh blood was ex- 
amined and showed marked leucocytosis ; in the others : 



Case. 



1. 
2. 



8. 



Red cells. 



3,792,000 



White cells. 



80,100 
15,800 
18,100 
25,700 
27,840 
18,100 
22,000 
12,600 
14,500 
20,400 
24,000 
10,000 



Per cent 
haemoglobin. 



58 



Remarks. 



May 27th. 

May 80th. 

June 17th. 

May 22d. 

May 24th. 

May 26th. 

May 28th. 

January 13th. 

January 14th. 

January 16th. 

January 18th ; died. 



I have no cases of acute benign endocarditis to compare with 
this, so that I do not know whether leucocytosis would be equally 
marked there. 

Diagnostic Value. 

(a) Blood cultures should never be omitted in cases of sus- 
pected malignant endocarditis. When positive they are of 
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great value, (b) In excluding typhoid the presence of leuoocy- 
togis is important. 

MYOCARDITIS- 

Whenever stasis and disturbance of the circulation result 
from weakness of the heart wall, blood changes identical with 
those described under Valvular Heart Disease are present. 
Otberwise the blood is normal. 



VALVULAR HEART DISEASE. 

Urawitz divides valvular heart disease into three stages with 
corresponding blood conditions: 

1. Stage of full compensation : blood normal. 

2. Stage of acute failure of compensation : blood ililuted 
(Oertel's " plethora serosa"). 

3. Stage of chronic stasis and cyanosis: blood concentrated 
for the most part ; at times diluted as well. 

1. A valvular lesiou per se has no effect on the blood. 

2. Wlieu condensation fails and blood pressure is lowered, 
we find (rsjxeutllij in the venous bkxxi) that the fluid from the 
surrounding lymph spaces has made its way into the vessels 
and dilated the blood. The sjiecilic gravity falls, red cells and 
haemoglobin are lower than before, while the white cells are un- 
altered, and the plasma is shown to be more watery than before 
as well as of increased cpiantity per cubic millimetre. All these 
changes are less marked in capillary blood, and hence are rarely 
-,!,-< mad 

3. If the heart adjust itself partially to the increased work it 
has to do, and to the chronic passive congestion of the internal 
organs and at the periphery, the blood is concentrated, probably 
in part by transudations into serous cavities and lymph spaces, 
and in juirt by the increased excretion of moisture by the lungs. 
The specific grmnty and the number of red cells are increased, 

i l/ic nij/illiirim, ;uid to a lesser extent in the venous 
blood (the conditions being just the reverse of those in acute 
heart failure, stage No. 2). This is the condition usually found 
in ln-iLit disease with chronic venous stasis (passive congestion'* . 
Bat this concentrated condition of the blood may be offset 
i time to time by fresh weakening of the heart and lessen- 
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ing of blood pressure, and the combination of the two conditions 
may result in a normal blood count. 

The condition of concentrated peripheral blood with the count 
of red cells above normal, is that most commonly seen in chronic 
heart disease with stasis. 

Yon Limbeck finds that aortic lesions are more apt to show a 
normal or diminished blood count, while mitral disease is more 
apt to be accompanied by the temporary dilutions and long- 
standing concentration above described. He does not explain 
the cause of this. One of his patients with double mitral le- 
sion showed a decrease of 1,170,000 red cells (from 7,500,000 to 
6,330,000) after exertion. When the patient was quiet, the le- 
sion was compensated ; on exertion compensation temporarily 
failed, blood pressure was lowered, and the blood diluted. 

Sadler 1 found considerable anaemia in three out of four cases 
of aortic disease, while only two of seven patients with mitral 
lesions showed amemia. 

Schneider's 3 results were similar in that he found the red 
cells normal in the aortic cases and increased in the mitral ones. 

Hay em found anremia most common in aortic regurgitation, 
especially in young people. 

In the Massachusetts Hospital records out of twelve cases of 
mitral disease five had less than 4,000,000 red corpuscles per 
cubic millimetre. Of three cases of aortic disease all were over 
4,000,000. I think these figures simply mean that the mitral 
cases are more apt to come to the hospital in the stage of acute 
failure of compensation — therefore (see above) with diluted 
blood — while the aortic cases often come while compensation is 
still good and therefore with practically normal blood. 

White Corpuscles. 

Almost all writers whom I have consulted agree that the leu- 
cocytes remain normal unless some complication occurs. In a 
certain number of the Massachusetts Hospital cases, mostly 
(but not exclusively) those with cyanosis, the leucocytes were 
increased, the counts ranging sometimes as high as 15,000, while 
the red cells were normal. I suppose this is to be accounted for 
by the fact that in any case in which the circulation is feeble 
and slow, the white cells accumulate at the periphery even more 

1 Loc. cit. , p. 88. * Inaug. Dissert. , Berlin, 1888. 
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plentifully than the red. This is evidently so in the cases ot 
congenital heart disease next to be mentioned, in which tin- red 
cells are increased only about forty per cent, while the white 
are often one hundred per cent more numerous than normal. 

The apparently normal count of red cells in some of our eases 
was probably due to the covering up of an ana>inic or diluted 
condition of the blood by concentration, the resultant of the two 
forces being an apparently normal count. 

Koblank (/or. cit.) gives the following cases illustrating this 
COUdition : 



1. Mitral leakage 3,461 ,250 

2. Aoitia leakage 4,716,800 



2S.0W0 + ; autopsy. 
18,000 -j- 



This leucocytosis must be taken into account in making in- 
ferences from cases whose circulations are feeble, and no deeper 
underlying cause {e.g., abscess, cancer) need be assumed to ac- 
count for the increase. 

(Edema and diuresis have in themselves little or no constant 
effect upon the blood, as a recent observation of Petrowsky'g 
has demonstrate! . 



CONGENITAL HEART DISEASE. 

In the cyanosis accompanying this affection very high blood 
counts are reported. Gilwon found : 



Cue. 


RmleeU*. 


White .-.■lis. 


Prrceal 

hemoglobin. 




8. 470.000 
6,700.000 


12,000 
12,000 













Carmichael reports, red cells, 8,100,000, white cells, 16,000, 
in a single case, aud Toeniesseu counted 8,820,000 and 7,540,000 
in two similar cases. In one case entirely without evidence of 
any stasis I counted 8,431,000 red cells per cubic millimetre. 
How such cases are to be explained I do not know; the ordinary 
explanation o[ concentration nf the blood will not hold in cases 
in which no stasis or lack of compensation exists, yet the skin 
is blue and the blood counts are enormous. 

There is no doubt that the peripheral capillaries always con- 
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tain more corpuscles per cubic millimetre than do the veins. 
Numerous reports from various observers agree upon this. 
Whether this is on account of the loss of water by perspiration 
and consequent drain of blood from the skin capillaries is uncer- 
tain, but in congenital heart disease both capillary and venous 
blood is overcrowded with corpuscles and the explanation is 
difficult. 

The most important practical deduction from these data is 
that a blood count in a patient suffering from poorly compen- 
sated heart disease has no value in determining whether or not 
anaemia is present. The actual number of corpuscles in the body 
is not measured by the number contained in a drop of periph- 
eral blood, since anaemia may be effectually masked by con- 
centration or simulated by dilution. 

This holds good equally for any condition involving general 
stasis and cyanosis either from embarrassment of the heart's 
action or otherwise (for instance, pneumonia in certain stage, 
emphysema, displacement of the heart by serous effusions, or 
tumors), or local stasis of the part from which blood is taken. 
Penzoldt ' noted that in old hemiplegic cases, the blood from 
the affected side contained more corpuscles than that from the 
sound side, and the writer has noticed the same thing in a va- 
riety of vasomotor affections involving local asphyxia. 

DISEASES OF THE KIDNEYS. 

Many factors other than the disease itself may influence the 
blood of nephritic cases. For instance, in scarlatinal nephritis 
the long-standing leucocytosis is probably due largely to the 
scarlatinal poison, rather than to the nephritis. The occur- 
rence of large quantities of blood in the urine has the same in- 
fluence as any other hemorrhage upon the blood. 

(Edema as such has apparently very little effect upon the 
blood, but the loss of albumin in the urine tells both on the cor- 
puscles and on the serum, thinning both with consequent lower- 
ing of the specific gravity of the blood. 

1 Berliner klin. Wocfa., 1881, p. 457. 
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CHRONIC PARENCHYMATOUS NEPHRITIS. 



Table XXXIV.— Actjtk Nhphritis. 







.1 










Am. 




wlls. 


^.■Lin. 


Rem.rta, 


1 


5II 


F 




2-2,200 




Temperature, 103.5°: gradually 
fulling in course of two weeks. 






















14,000 




Sixth Jay. 










11, MOO 




N iii th day. 










12,200 




Nineteenth day. 


9 


11 


F 


4,088,000 


14,000 


53 


Pale nod pasty. Anasarca, as- 
cites, and hydro tli oral. 














H 




V 




12.000 






■I 


an 


M. 


:;,;km,iiiiii 


9,800 


SO 


Ecuema and purpura also. 


n 






VOu.nut) 


6,000 






e 


a» 


M. 


4,944,000 


6,400 




Acute parenchymatous. 



In Lime of the few cases examined at the Massachusetts 
Hospital were the red cells much diminished, but in two cases 
the hemoglobin was very low, the color index being .62 in one 
and .01 in the other. 

The blood plates ore much increased (Hayem) and fibrin 
slightly increased. 

2. White Celh. 

Leukocytosis is the rule, lasting often for weeks at a time and 
gradually diminishing in convalescence. 

Hayem gives counts of 14,973, 12,400, 15,000, and 13,000. 

Koblank (he. tit.) and Grawitz each in a single case found 
normal counts (7,300 and 5,600). 

Sadler found an increase in only one of his six cases, and then 
the highest point reached was 13,312. 

Of the six cases of Table XXXIV. leukocytosis was present 
in three, in one of which it was followed for three weeks and still 



CHRONIC DIFFTJSI 



AND CHRONIC PARENCHYMATOUS 
NEPHRITIS. 



Red Celh. 
Iu advanced stages the counts may ran very low, but more 
often it is chiefly the hramoglobin that suffers through the drain 
of albuminoids from the blood into the urine. 
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Hay em gives the following figures : 

Case I. — Chronic parenchymatous nephritis. 

Bed cells. Per cent htemoglobte. 

June 20th 4.809,000 43 

July 4th 4,216,000 44 

October 18th 2,045,000 84 

Case II. — Same diagnosis. 

Red cells. Per cent tuemoglobiiL 

March 6th 2,619,500 86 

8th 2,886,500 86 

23d 2,464,500 27 

Koblank (loc. cit.) in the same disease found 3,291,700 red 
cells in a single case with much oedema. 

Beinert found 4,050,000 with 50 i>er cent of haemoglobin and 
3,604,000 with 62 i>er cent haemoglobin. 

Sadler: 

Red cells. 

Case 1 4,120,000 

/ 2,405.000— November 19th. 

u 2 -] 1,100,000— January 14th. 

( 1.500,000— January 17th. 

" 3 4,300.000 

" 4 4.300,000 

/ 3,737,500— June 28th. 
u 5 -' 3,593.700— July 3d. 

( 2. 1H7, 500— August 15th. 

#3,200,000— July 7th. 
44 - 3,257.000— July 22d. 

'. 3,137,000— August 21st. 

Grawitz in an acuta exacerbation of a chronic parenchyma- 
tous nephritis found 1,928,000 red cells. 

The Massachusetts Hospital cases show a considerable anae- 
mia in seven out of the twenty-eight, or one-quarter of the 
Heries. Great concentration is probably the cause of the very 
high counts in cases 10, 18, and 22. The majority of cases are 
not far from normal so far as the number of red cells goes, and 
the haemoglobin is also very little diminished; the color index 
is high. 



CHRONIC PARENCHYMATOUS NEPHRITIS. 





Aire. 


j 


RetlceUa. 


While 
crib. 


Percent 


Renurks. 


* 




£ 




Klobln. 




1 


Adult. 


M. 




18,600 




Stasis and cyanosis ; arterioscle- 














2 


45 


M. 


2.6+S.UOO 


16,300 


45 


Univewal eczema. 


S 45 


M. 


|,-H)ii.(")i 


15,000 


55 


Uremia. 


4 4S 


M. 


■l.-IMWUK 


14.500 


88 


Ascites, liydrothorai, asthma. 


5 1 58 


F. 


i.nni.iK" 


14,000 


90 


Ascites, liydrothorai. 


6 1 66 


M. 


.■l.«ilM>. 


14,000 


85 


Adult leucocytes, 73 per cent. 


7i 27 


M. 


l.m'J. 


18,000 


64 


Much fat in urinary sediment. 


8. 33 


M. 


-l.iiHO.OlM 


13,500 
20,800 


54 


Ursemia, April 3d. 
Convulsion and coma, April 16th, 
April 17th. died. 
Uremic; vomiting. 
Diarrhoea for rive months. 


9 59 










10, 44 


M. 


Fi.Mti.IKH 


1KH0D 


82 


11 49 


M. 


4.H-N.INH 


11,000 


78 


Uremic and moribund. 


12l 43 


F. 


■i.iiin.iMji 


10.800 


50 




,B ( , 


H. 


:j,:ho,Oih 


7.750 
13.600 


60 


December 28th. 
January 21st, unemio. 


14 1 27 


M 




9,000 






15 28 


M. 


li.IMHI.IHil. 


7,600 


85 




16 








7.332 

7.000 


75 




41 


M. 


.-..4r,(!.!MH 




18, 8 


M. 


11, Willi, »MM 


0,800 


60 


(Edema (1) 


19 39 


M. 


l,.Vii.m'ii 


6.500 


65 




20 7 


M 


::. HliMXH 


6,400 


40 




21 




-1..-.T'>,IHH 


6,250 


85 




22, Adult. 


M. 


l.O.Vi.55: 


5,513 






23 30 


F. 


:},(Mu,ihm 


5,200 


54 




24, 30 


M. 


•i,t:iii.ihii 


5,000 


05 




25, 58 


M 


5,512.1*" 


4.800 


as 


Double aortic murmur ; hydro- 
thorax . 


26 Adult. 


M. 


:i.25fl.lXK 


4.500 


51 




27 » 


M. 


:i,:,.ii).iHii 


3,000 


64 


Astbnia. 


2W 


19 


M. 


J.LHNI.IH.'I 




82 





White Cells. 

Hayem records 25,000, 19,000, 13,000, 10,000, and 6,000 and 
concludes that the counts vary much not only in different oases 
but in the same case at short intervals. 

Kohlauk found 14,700 in a single case. 

Sadler in one case found 6,300 in November and 16,000 in 
the following January ; 12,000 inanotbercase; 8,800, 7,700, and 
1,916 in others. 

The same wide range is seen in Table XXXV., in which 
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thirteen of the twenty-eight cases Bhowed leucocytosjs. Of 
these thirteen sis were uremic. Tiie presence or absence of 
oedema seemed to make no difference. 

CHRONIC INTERSTITIAL NEPHRITIS. 

Hay era found the fibrin more increased in tli is form of ne- 
phritis than in any other, and the aincinia less pronounced. 

Grawitz distinguishes two stages: 

I. As long as the heart is strong enough to overcome the in- 
creased resistance at the periphery and the disturbances of cir- 
culation are not marked, the blood is normal. 

H, When compensatory hypertrophy is no longer sufficient 
to do the work of forcing the blood through the system, the 
usual effects of failing com pen sat ion (nee Heart Disease, page 
256) appear (dilution and subsequent concentration of the 
blood). 

The white cell* are normal. 

Tablk XXXVI., A.— Chronic Interstitial Nephritis. 


£ 


abo. 


1 


BedcelU. 


cells. 


Percent 


Hemuta. 


1 

a 
1 

4 




31» 

Adult 

40 
30 


H 
F. 
U 

If 

a. 


li.lllFI.IHK 

•l.MS.IMH 

4.244.000 

4.088.000 


19.881 

15.oou 
12.000 

9.784 

0,000 


80 
50 
87 

N 

58 


I'rteniic coma ; moribund. 
1 "niTiiii.- ; mitral Gnosis. 
Three and one-half hours after a 

Uremic ; moribund. 
March 23d. 
" 80th. 


Tablk XXXVI., B.— Pyklo- Nephritis. 


1 


Akb. 


3 


Red alb. 


White 


Percent 


_-. 


1 

1 

■I 


84 

96 

88 
20 


F. 
P. 

M. 
K 


it,(l,>l,IHWP 

i!,!lTH.iKHP 
S.fWfi.lKKl 

nsra, 

4,300,000 
4.,W«.0()<I 
2. 350,000 


81. 800 

15, aw 

18,600 

ar,.aiMi 
10,800 
15,5,11) 
1.280 


41 
88 
83 

so 

65 


March 10th, Uraemia. 

" 18th. 

- 87th. 
April 14th. 

Peri nephritic abscess too. 
Cystitis also. 





STONE IN THE KIDNEY. 



Table XXXVI, C. -Cystic Kidney. 



o 


AKe " 1 


Red cells. 


White 

cell*. 


Percent 
globiD. 


Remarks. 


I 


55 M. 


a, 084, ooo 


6.400 




Adult cells. 72 per cent. Sup- 
posed cancer. Enormous Arm 
tumor on each side. Autopsy. 



B The cases recorded in Table XXXVI., A, are probably not 
inconsistent with these rules. Of tlie four cases with leuco- 
cytosis three were ureemic, and in the fourth the influence of 
digestion is seen. The haemoglobin is lower than we should 
expect from Grawitz's account. 

Uramia, it would appear from these tables, may cause leu- 
cocytosis or at any rate is not infrequently associated with it. 



PYELONEPHRITIS. 

Table XXXVI., B, si>eak8 for itself, 
severe and leucocytosis is the rule. 



The cuKemia is often 



STONE IN THE KIDNEY. 



(See Table XXXVn., A.) The state of the blood depends 
on the amount of ulceration caused by the stone; when this is 
considerable we have leucocytosis. 



Table XXXVII., A.— Stone in the Kidney. 



No, 


■ 


Sot 


Red cells. 


White cells. 


Percent 
homio- 
■InUB. 


_. 




Hi 

is' 

48 

m 




15.200 

14.750 
9. 000 
K.ftftO 

8.000 
S.000 
111,500 
7,500 


78 
85 

80 


Much pun in urine. 


3 


11. 
F. 
M. 
M. 


4,;s.ii),ooii 

4, 100. 000 





5, 0H0. 000 
4,:m<mpiki 

lt.14ju.0afl 

8,048,1)00 


Much pus iu urine. 
Two weeks later. 


7 


53 


M. 
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Table XXXVII., B.— Floating Kidney. 



,.. 


Ace 


Box. 


Red cells. 


White cells. 


Percent 

s'i L .ij'iD.' 


Remarks, 


8 
8 

4 


:■.; 
41 
38 
43 

m 

94 


P. 
F. 
F 

V. 

V. 
F. 


5,036.UOO 
■Mis-UKtO 

r ) ,.|iH l ,(MM( 
4.700,000 


8,200 
9,000 
ft. 000 
S,400 


75 
75 

69 1 
76 , 





















Duifjiioatic Value. 

Cancer would also cause leukocytosis, but would not increase 
fibrin as a rule, while most cases of stoue with ulceration do 
increase fibrin. 

FLOATING KIDNEY. 

The blood is normal. This fact has some diagnostic value; 
for example, when we confound appendicitis with floating kid- 
ney, as has been done (see page 201). The presence of leucocy-- 
tosie excludes the latter and favors the former. Moat tumors 
or almcesses with which a floating kidney might be confused 
could be distinguished by the sauie criterion. 



DISEASES OF THE LUNGS. 
BRONCHITIS 

"Acute catarrhal and chronic purulent bronchitis have rela- 
tively little leukocytosis in most cases" (v. Limbeck). 

Except for this and a few other passing references, there is 
hardly anything in literature nu the blood in bronchitis, so that 
I shall l>e forced to base inv statements chiefly on the few counts 
roenrdi'd at the Massachusetts General Hospital. 



1. ACUTE BRONCHITIS. 



Aside from "capillary bronchitis," cases are not infrequently 
seen in which the signs are simply those of general bronchitis 
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of the finer tubes, yet the symptoms are much more like pneu- 
monia. Whatever may be the real conditions in the lungs of 
such patients, their blood is not infrequently exactly like that 
of pneumonia and does not help at all in the differentia] 
diagnosis between the two diseases (see Cases 1 and 2, Table 
XXXVIII, A). 



Table XXXVIII., A.— Acute Bronchitis 



4, 192,' 
6,096, *m j 



IS, 000 
11,300 
17,600 
13,000 



perature 108". Rales on both 
sides alike : no consolidation. 
November 5th. 
16th. 
25th. 

Cyanosis? Much purulent expec- 
toration. 
Asthma. 
Neurosis. 

Emphysema. 
October 81st. 
November 3d. 



Table XXXVIII., B.— Chronic I 



t 


Age. 


i 


Red cells. 


While 


globln. 


Remark*. 


1 


Adult. 

48 

27 
01 


M. 
M 

F. 

M. 

F. 
M 

F. 
F. 


3,680,000 


18.500 
15,000 

8,600 

8,000 
7,925 
7,793 

6,700 
5,500 
5,063 


68 

73 

63 

78 

70 
61 


Chronic febrile, with laryngitis. 

Recovery. 
Constipation; neurasthenia; two 

weeks afebrile. 
Five months. 


s 


3, 384,000 
4.300,000 






Keratitis, conjunctivitis No 

symptoms. 
Asthma 
Empyema of the antrum. 


7 26 
Hj 3fl 


4,700,000 
4, 100,000 













Iii the majority of acute cases, however, the blood shows no 
rhaugen unless concentration due to cyanosis be present (see 
Cases 4 and 7, Table XXXV 111., A). 



268 



SPECIAL PATHOLOGY OF THE BLOOD. 



Id chronic cases (Table XXXVLTL, B) leucocytoais ia 
very uncommon, more bo, I think, than the table represents. 
If more counts were added, nearly all, I think, would bo 
normal. 

The red cells and htemoglobin show no changes to speak of 
in either acute or chronic cases. 

The blood has no diagnostic value so far as I know except 
that when pneumonia is in question a normal count of white 
cells speaks against it and in favor of bronchitis. If emphy- 
sema is also present it sometimes produces a different blood 
condition from that of simple bronchitis. 



EMPHYSEMA AND ASTHMA. 

Gruwitz reports an increase in the number of red cells in 
Wwp Ay wB i a, which lie believes to be due to cyanosis and to cover 
uj) the really amende condition of the blood of many patients. 
Practically the same conditions are present as in the cyanosis of 
hurt disease (see page 256) and the concentration of the blood 
is brought about in the same way. Leichtenstern ' noticed a di- 
minution in haemoglobin at the time when the heart first fails, 
due probably t*> the diminished blood pressure which allows the 
lymph from neighboring tissues to flow into the vessels and 
dilute the blood, 

In both asthma and emphysema it has been noted by 
Midler," ftnlliytfih.' Gabritsehcwsky ' and others that nrwfnopJWfol 
are very numerous in the sputum, and Fink ' also noted an in- 
crease of the same cells in the blood, running as high as 14.6 
per cent instead of the normal one to two per cent. This increase 
is present only at the time of the paroxysm and for a short time 
before and after it. Their presence in increased numbers before 
a paroxysm makes it possible to predict its coming (v. Noorden, 
8chwerskewski). As this applies only to pure bronchial asthma 
and nut to cases secondary to disease of the heart or kidney, 
Schieiber states that we are enabled to distinguish bronchial 
from cardiac or renal asthma by the increase of eoBinophiles in 

1 TJeberdas Hb-Oehalt dea Blutea," etc.. Leipzig, 1878. 

' Ret. id Kink. "Beitruge z. Ken lit. dea Eiters." Dissert., Bonn. 1890. 

* Fortachritte der Med. . ItWfl. 

* Arch. f. exp. Path, und Pharm. , 1890. p. 88. 
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the blood and sputa in bronchial cases, which does not occur in 
asthma due to cardiac and renal trouble. 

For Pneumonia, see page 159. 

For Phthisis, see page 219. 

For Abscess of Lung, see page 207. 



PARTV. 

DISEASES OF THE NERVOUS SYSTEM, CON* 
STITUTIONAIj DISEASES, AND HEMOR- 
RHAGIC DISEASES. 



CHAPTER Vm. 

DISEASES OF THE NERVOUS SYSTEM. 

NEURITIS. 

In a single case of multiple neuritis, febrile and apparently 
of an infectious nature, the following counts are found in the rec- 
ords of the Massachusetts General Hospital : 



Date. 



Temperature. 



July 10th 101 

M * 13th 

44 16th 

u 20th 

u 25th 

u 31st 

August 7(1) 

" 20th 



( No fever. ) 



Red cells. 



4,816,000 



4,320,000 



White 
cells. 



Per cent 
hsBiiioKlobiD. 



25,000 ; 
24, 800 
18,700 
21,000 
10,000 
28, 700 
19.5(H) 
23, 200 



42 



60 



The patient, a boy of eleven, recovered and left the hospital 
well. 

But these changes occur also in alcoholic (afebrile) neuritis, 
as the following counts show. 



Case. 


Red cells. 


While cells. 


Percent 
hsBmoglobin. 


1 


3,608,000 
3, 260, 000 


15,000 
14.000 


75 


2 


64 
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In both cases the counts were made just at mealtime, so that 
the leucocytosis is not due to digestion. Gastritis was not 
present in either case. 

One case of post-diphtheritic neuritis in a child of eight 
showed the presence of anaemia only : Ked cells, 3,850,000; white 
colls, 7,393; haemoglobin, 70 per cent. 

Neuritis in lead poisoning does not affect the count of leuco- 
cytes. 

Neuralgia, whether facial, intercostal, sciatic, or ovarian, 
showed normal blood in numerous cases examined at the Massa- 
chusetts Hospital. 

DISEASES OF THE BRAIN. 

Meningitis (see Inflammation of Serous Membranes, page 215). 

Zappert in one case of brain abscess found only 4,000 white 
cells. 

In pachymeningitis hcemorrhagica and cerebral syphilis (one 
case of each) v. Jaksch found leucocytosis. 

Cerebral and cerebellar tumors have no effect on the blood as 
far as could be judged from four counts in the former and two in 
the latter disease. Yon Jaksch found slight leucocytosis in two 
cases of brain tumor and one of cysticercosis. Zappert found 
normal blood in one case of cerebral tumor. 

CHOREA. 

Chorea showed in five cases normal blood except for increased 
percentages of eosinophiles, as in Zappert's two cases. 

DISEASES OF THE SPINAL CORD. 

Chronic diseases of the spinal cord, such as tabes dorsalis, 
syringomyelia, spastic paraplegia, diffuse myelitis, paralysis 
agitans, and progressive muscular atrophy, are found to pro- 
duce no changes in the blood. 

For Spinal Meningitis, see page 216. 

GENERAL PARALYSIS OF THE INSANE. 

Capps 1 has made a careful study of the blood in nineteen 
cases and comes to the following conclusions : 

1 American Journal of the Medioal Seitnen, July, 1896. 
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1. lied corpus*.' lea and haemoglobin are always slightly dim- 
inished, the averages being 4,789,900 and 85 per Beat, 

2. Most eases show a slight leooooytoBu — 22 per cent above 
the normal on the average. Early cases may have no leucocy- 
tosis. 

3. The differential counts show that the blood w slighlly 
older than that of normal adults. The adult leucocytes average 
nearly 74 per cent and the smaller forms of young cells only 14.2 
per cent, while the larger forms of young cells (large lympho- 
cytes) are relatively numerous, averaging 7.8 per cent. In A 
few cases the eosinophils were very numerous' (8.7 ami 0.4 pes 
cent). 

4. At the time of ctmmMtma the red cells and hsmogloWn 
axe apparently increased (due no doubt to the violent muscular 
contractions which raise blood pressure aod concentrate the 
blood, or to cyanosis). 

There is a sudden and pronounced increase in the letlOOCytM 
during and after convulsions or apoplectiform attacks. That 
this is not due to concentration of the blood or to stasis Capps 
thinks is shown by the fact that not only the number but the 
differential count of white cells show changes, the " large HOM- 
nuclear" cell* being n-Utlin-hj memued, sometimes as high as 25 
per cent. Myelocyte* were seen in one case after the convulsions, 
and especially just before death when in a leucocytosis of 18,250 
11 per cent were myelocytes.' 

HYSTERIA AND NEURASTHENIA; HYPOCHONDRIASIS. 

A large number of cases have been counted at the Massa- 
chusetts General Hospital, with a view to excluding other 
diseases. The blood count is always normal except that in a 
certain number of the hysterical cases eosinophiles are rela- 
tively increased, and that many of the neurasthenics show the 
increased percentage of young leucocytes which I have alluded 

1 Roncnroni (Archiv. di Paiehi»t. Scien. . 1894, p. 203) finds w«i no- 
phi lea incre«snd even to twenty-fire percent in the agitated and violent 

* Leukocytosis has been repenleilly noticed in convulsion! from v&rlou* 
causes. Prohably llie. Irritant which causes the motor discharge a 
on the leucocytes by chemotaxis. 
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to above (page 82) as characteristic of a variety of debilitated 
conditions. 

Marked ancemia is seldom present, although the haemoglobin 
is not infrequently as low as 65 per cent. Beinert ' found the 
haemoglobin under 60 per cent in only 4 out of 48 cases of hys- 
teria, and in none of 36 neurasthenics. 

The value of the blood examination in such cases, like that of 
the urine or the lungs in hysteria, is as negative evidence, and in 
this respect it is important. When the discrepancy between 
complaints and signs is great, we want to be doubly sure that 
nothing hidden escapes our notice, and the blood examination is 
one of the most valuable adjuvants we have in the discovery of 
deep-seated inflammation or malignant disease, as well as in 
giving us a general measure of the patient's degree of bodily 
health as distinguished from nervous force. The former may 
be high when the latter is low, or both may be low, and the dis- 
tinction marks out two classes of cases in which somewhat dif- 
ferent treatment is appropriate. There is no use in undertak- 
ing to make " blood and fat" when the patient has already plenty 
of each, though it may be well to carry out the same rigime as a 
matter of suggestion. 

MENTAL DISEASES. 

The association of anaemia with insanity is too frequent to be 
a mere coincidence, though it is hard to make either serve as a 
cause for the other. Very possibly they should both be looked 
upon as symptoms of a common underlying (unknown) cause. 

This form of anaemia has been noticed by Houston* in mel- 
ancholia and general paralysis, and by Smith' in various forms of 
insanity. 

Krypiakiewicz* noticed an increase of eosinophiles in acute 
forms of insanity but not in the chronic forms. The leucocyto- 
si8 of acute delirium* is exemplified by the following case from 
the Massachusetts Hospital records : 

1 Munch, med. Woch., 1895, No. 14. 

9 Houston : Boston Med. and Surg. Journal, January 11th, 1804. 
8 Smith : Jour, of Ment. Sc., October, 1890. 
4 Krypiakiewicz : Wien. med. Woch., 1892, No. 25. 
'Ref. in Klein -Volktnann's "Sammlung klin. Vorf 
1893. 
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A girl of fifteen; acute delirium; leucocytes, 12, 750; no food 
for eight hours; red cells, 4,610,000; hamoglobis, 63 per cent. 

t>,trri<rnd mania in to be distinguished from the delirium of 
puerperal sepsis by the fact that the latter show« leneooyt'wis 
with increased percentage of adult cells, while the former has 
no leucocyte-sis (if uncomplicated) and the eosinophils are npt 
to be increased ' (diminished in sepsis). 

A case of puerperal mania seen by the writer showed : Red 
cells, 5,210,000; white cells, 6,500; hemoglobin, 84 per cent; 
eosinophiles, 8 per cent. 



CONSTITUTIONAL DISEASES. 
OBESITY. 

Oertel distinguishes a plethoric and an antemic form of 
obesity not merely clinically but by the evidence of post-mortem 
examinations. He believes that there is a real over-filling of 
the vessels in the first. The second form occurs most often in 
women. 

Kisch examined (with v. Fleisckl's instrument) the haemo- 
globin of 100 obese patients; 79 showed over 100 per cent of 
ha?moglobin, 1 reaching 120 per cent, while the other 21 were 
aasetuic. 

DIABETES. 

There is nothing characteristic about the blood except the in- 
creased amount of sugar to be detected (.57 per cent as against .1 
normally) ; but this is not a clinically applicable test. 

The alkalinity has been said to lie greatly diminished, espe- 
cially in the fatal coma, but v. Noorden thinks the tests are un- 
reliable. 

Fat is often much increased in the blood, so that the serum ia 
milky, and glycogen has been demonstrated microchemically in 
the corpuscles. 

Bed Cells. 

Sugar in the blood draws water from the tissues into the 
Teasels, thereby diluting t/it blood; but in a short time the blood 
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frees itself of the excess of sugar and fluid through increased 
diuresis so as to concentrate tlie blood. 

These two alternating influences serve to explain the widely 
different counts of different observers. 

Toward the end of the disease a decided cachexia often de- 
velops, the anaemia of which may be temporarily covered up by 
the concentration above noted, or accentuated by the dilution 
which sometimes occurs. Accordingly we may find the corpus- 
cles increased, normal, or diminished in different cases or at 
different times with the same case. 

Grawitz counted 4,900,000 red cells in a patient in compara- 
tively good health, and three weeks later, when the patient had 
just been seized with the fatal coma, the count showed 6,400,000 
per cubic millimetre. 

The white cells show no constant changes, except that v. 
Limbeck has noted in several cases that the digestion-leucocy- 
tosis is unusually large even without previous fasting. Von 
Jaksch found leucocytosis in one of his eight cases, but on this 
point as on many others his results are almost unique. The 
only similar observation is that of Habershon, 1 who reports 
moderate leucocytosis, decreased by strict diet. 

GOUT. 

A few cubic centimetres of serum from gouty blood made acid 
with acetic acid (six drops of a twenty -eight-per-cent solution 
to every drachm of serum) deposit crystals of uric acid on a 
thread in from eighteen to forty-eight hours ; but this is not al- 
ways to be found, and is by no means peculiar to gout.* Uric 
acid is to be found in the blood in pneumonia, cirrhotic liver, 
nephritis, grave anaemia, leukaemia, and gravel ; also in health 
and after a meal of calf's thymus or any food containing much 
nuclein. 

The red corpuscles show no special changes except in severe 
chronic cases which are sometimes anaemic. The white cells are 
increased according to Neusser, while v. Limbeck and Grawitz 
found the blood whollv normal. 

1 St. Bartholomew Hosp. Rep., 1890, p. 158. 

5 It is important to evaporate the serum at a temperature not above 70° 
F. , otherwise crystals will not form. 
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It is particularly in this disease that Neusser finds the peri- 
nuclear basophilic granulations in the white cells, which he l>e- 
lieves to be characteristic of any "uric-acid diathesis." Fibrin 
is increased in acute cases. 



MYXCEDEMA. 

Le Breton' examined the blood in one case before and after 
thyroid treatment and found after forty days' treatment that the 
red cells had risen from 1,750,1X10 to "2,450,000, the white from 
4,500 to 9,600, and the hiemoglobin from 65 to 68 per cent. 

The remarkably high color index in this case before treat- 
ment (nearly '2. !) corresponds with the observations of Le Breton 
in the dried specimen, which showed a decided increase in the 
size of the red corpuscles. He also noticed lief ore instituting 
the thyroid treatment the presence of nucleated red cells and 
an excess of the adult form of leucocytes. Under treatment the 
nucleated red cells disappeared and the young forms of leuco- 
cytes rose to their normal per cent. 

Putnam 1 has watched a similar case in which the red cells 
rose from 3,120,000 to 5,700,000 under thyroid treatment. 

Murray* has collected 23 cases with blood examinations. Of 
these 7 showed normal blood, 10 were amende, 4 had leucocyto- 
Bis, and 2 had both antenna and leukocytosis. 

Kraepelin' noticed (like Le Breton) a marked increase in the 
average diameter of the corpuscles in three cases, even when the 
count and the haemoglobin were normal. 

I have had an opportunity to examine the blood iu three 
cases of this disease, but did not find anything remarkable iu 
any of them. 



Cud. 


Bed cells. 


While will. 


HjpinogloMn. 


| 


■l.liTU.IK*) 
4.460.000 
4.856,000 


6,000 
8,800 
5,200 

















1 Le Breton: Bef. in Wierj. med Blatter, 1805. p. 4fl. 

1 Putnam : Bef. in Murray's article in "Twentieth Century Practice of 



* Hurray i * Twentieth Century Practice of Medicine," vol. 

• Kraepelin : Deut. Arch. f. kiin. Med. . vol. xlix. , p. 587. 
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Differential counts were made in three cases and no increase 
in the size of the corpuscles, such as Le Breton and Kraepelin 
saw, was present in these cases. The count showed : 



Case. 


Adult cells. 


Young cells. 


• Eosinophiles. 


1 


67 
67 

74 


28 

27.8 

26 


5 


2 


44 


8 









The increase of eosinophiles in two of these cases may per- 
haps be due to the skin troubles present in the disease. 

J. J. Thomas found a few myelocytes in a case of Putnam's. 

GRAVES' DISEASE (BASEDOW'S DISEASE; EXOPHTHALMIC 

GOITRE). 

The blood is normal, except for an occasional associated 
chlorosis and sometimes a marked lymphocytosis. In one case 
I found 51.3 percent of young cells and 1 per cent of myelocytes 
in 1,000 leucocytes, the adult cells being only 48 per cent; but 
in fourteen other cases I have never found this again. The 
same fact has been noticed by Neusser (cited in Klein, loc. cit.). 

Oppenheimer 1 found the red cells and haemoglobin normal in 
two cases. Von Jaksch* in one case " complicated with myx- 
edema" found 3,818,000 red and 8,000 white cells. 

The association of Graves' disease with chlorosis is illus- 
trated by two cases from Zappert:* 



Case. 


Red cells. 


White cells. 


Per cent 
hemoglobin. 


1 


2,858,000 
2,788,000 


3,800 
3,800 


82 


2 


80 







The same writer found eosinophiles much increased (8.5 per 
cent) in one out of four cases. 



ADDISON'S DISEASE. 

Some, but not all, cases are accompanied by marked anaemia. 

Neumann 4 observed a case in which the symptoms came on 

1 Deut. med. Woch. , 1889, p. 861. 
8 Zeit. f. klin. Med., 1898, p. 187. 

3 Zeit. f. klin. Med., 1893, p. 266. 

4 Neumann : Deut med. Woch., 1894, p. 105. 
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acutely ami the red Belli Hank to 1,190,000 per cubic millimetre. 
During the convalescence which followed the cells ran up above 
normal, reaching 7,700,000. 

Tschirkoff ' reports two cases in which the red cells were re- 
spectively 3,280,000 and 2,933,000 at the lowest, but whose 

hasiuoglobin was extraordinarily high, over 100 )K?r cent ii I 

case. This lie found on spectroscopic examination to bo due to 
a great increase of reduced hemoglobin in the corpuscles. 
Metlueinoglobin was also noted. 

The white corpuscles showed no changes, quantitative or 
qualitative, except that they contained black pigment granules. 
Two cases have l>eeii examined at the Massachusetts Hospital. 
The first, a woman of thirty, showed 6,240,000 red cells with 14,- 
000 white, and 00 per cent of Inerooglobin. The diffen&tt*] 
count of 900 leucocytes showed the following figures: Adult 
cells, 08.4 per cent; young cells, 41 per cent; eosinopbiles, 4.5 
percent; myelocytes, .9 per cent. 

The eosinophils were very large, some of them eosinophilic 
myelocytes. 

The second case was very amende and weak at entrance and 
showed the following condition: Red cells, 2,196,000; white 
cells, 7,500; haemoglobin, 20 per cent. Differential count of 
906 leucocytes showed: Adult cells, 65 per cent; young cells. 
31.5 per cent; eosinopbiles, 3.5 per cent.; five normoblasts; 
marked poikylocytosis. 

Under suprarenal extract his blood improved iu a month till 
his red (••■Us numbered 4,700,000, white cells, 9,000; liieraoglo- 
bin, 65 per cent. 

A thiol patient, kindly sen! dm by Dr. Rogers, of Dorchester, 
showed: Red cells, 2.864.000; white cells, 2,000; hwmoglol.in, 
■">l per cent. DitTeivntial count of :«MI cells showed: Adult 
cells. 03. 3 i«r cent; young cells, 33.3 per cent; eosinopbiles, 
2.3 percent; liasophiles. .:! per cent. 

I have never seen melanin in the leucocytes as Tsiliol,. .11' 
did in Ids two cases. 

OSTEOMALACIA. 

The blood has for a long time been supposed, on Ihe author- 
ity of v. Jaksch iZai.f. Win. Med., Vol.13, pageS60), toexhibit 
' Zeit. f kiln. Me.1., 1881, vol. xii., SuppI U-fi M 
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a diminished alkalinity, the bones being supposed to be eaten 
away by acids in the blood. Von Limbeck and many other ob- 
servers have lately shown that the blood is normal in alka- 
lescence. 

Corpuscles and haemoglobin are usually within normal limits 
quantitatively, but Neusser reports an increase of eosinophils 
and the presence of myelocytes in the blood. 

Ritchie 1 confirms Neusser and found also the young leu- 
cocytes more numerous than normal. 

Fehling,* Sternberg,* Chrobak* found no increase of eosino- 
phils. 

Rieder's case was normal in all respects: Red cells, 
4,892,000; white cells, 5,600; eosinophiles, 3.6 percent; adult 
cells, 61 per cent. 

RICKETS. 

1. Anaemia is always present in severe cases and often in 
moderate ones. This, together with the fact that many cases 
of rickets are associated with an enlargement of the spleen, has 
led to the use of the misleading term M splenic anaemia." 

Hock and Schlesinger found an average of 2,500,000 red cells 
in a considerable number of cases with and without enlarged 
spleen. 

Yon Jaksch describes a case in which the red cells sank from 
1,600,000 to 750,000 within three months, and Luzet saw a simi- 
larly rapid process, the cells falling from 2,110,000 to 1,596,- 
000 within three weeks. 

2. Apparently the haemoglobin per corpuscle is normal — that 
is, the color index is not low. Monti and Berggriin found 
40-50 per cent haemoglobin with 3,148,000 red cells and Hock 
and Schlesinger 60 per cent haemoglobin with 2,300,000 cells. 

White Corpuscles. 

It is often difficult to say whether or not the leucocytes are 
increased, owing to the occurrence of most cases in infants at an 
age when leucocytes are always higher than in adults — how 
much higher at any given age depends largely upon the degree of 

1 Edin. Med. Journal, June, 1896. 
• Cited by Ritchie (Joe. tit). 
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vigor and forwardness of development of the individual child. 
At any rate, the counts are usually from 15,000 to 40,000 with, 
considerable variations from week to week. 



Qualitative Chakgeb. 
Red Cell*. 
As in all amemias of infants, the "degenerative" and "re- 
generative" changes are relatively common. 

Polycbroruatophilie forms and nucleated corpuscles are fre- 
quently to be found, the latter often in great numbers but with a 
majority of the normoblast type. 

m»ta anb. 

Lymphocytosis is marked, but, as with the question of len- 
cocytosis, we are never quite sure whether the numbers are ab- 
normal for that age, for lymphocytosis is the normal condition in 
infants' blood. 

When, however, as in a case mentioned by Rieder, we find 
75 young cells in every 100 leucocytes, the child lieing four 
years old, wo are surely dealing with a pathological condition. 
Another of his cases, a seven-months* child, rachitic, with 
67 per cent of young leucocytes, seems to full within normal 
limits. The same difficulty arises with regard to the reports of 
eminophitia in rickets, since eosinophils are always relatively 
numerous in infancy. In llieder's four cases and in the three 
seen at the Massachusetts Hospital, no eosinophils was pres- 
ent. Myelocytes in small number (.5-2. per cent) are not un- 
common, and may be considerably more numerous. 



CHAPTEE IX. 

BLOOD DESTRUCTION AND HEMORRHAGIC DIS- 
EASES. 

1. PURPURA HEMORRHAGICA. 

The blood is practically thai of anemia from hemorrhage 
(red cells and hemoglobin reduced, white cells increased, occa- 
sional nucleated red corpuscles or polychromatophilic forms). 
Agello ' has found methaemoglobin in the blood, and hence con- 
cludes that the disease is a poisoning of the corpuscles by 
ptomains absorbed from the intestine. 

The blood plates are much diminished and may be entirely 
absent in the worst stages. 

Bacteria of various kinds have been reported in the disease, 
but negative results are also common, and their presence is 
probably not significant. 

The red cells may fall as low as 2,500,000, but are much 
oftener slightly or not at all diminished. In many mild cases 
there are no demonstrable blood changes. On the other hand, 
Osier mentions a case which sank to 1,800,000. 



SCURVY. 

There are no characteristic blood changes known. When 
hemorrhage is severe the red cells may sink very low, to 557,876 
in a case of Bouchut's; Ouskow and Hayem saw counts of 
3,500,000 and 4,700,000. The usual qualitative changes of sec- 
ondary anaemia are present in severe cases; hemoglobin suf- 
fers as usual more than the count of red cells. 

Leucocytes are generally increased, whether from hemor- 
rhage or from some complicating inflammatory process. 

Barlow's disease may lower the red cells as far as 976,000 — 

1 Riforma Med., Napoli, 1894, p. 103. 
19 
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as in a case of Ileiuert's — the hemoglobin being seventeen per 
cent and the white cells 12,000. Thin was the day before death. 



HEMOPHILIA. 

The blood changes are practically those just described and 
show nothiug characteristic of the disease. Coagulation is 
slower than normal anil blood plates are sometimes very scanty. 



BLOOD DESTRUCTION (HJSMOCYTOLYSIW). 

I. Besides the slow destruction of corpuscles which takes 
place in any ordinary anaaniia, we have a group of conditions 
under which a large number of red cells are suddenly destroyed 
in the circulation itself. This may take place by — 

1. Separation of the haemoglobin from the corpuscles so that 
it colors the serum. 

2. Actual breaking to pieces of the red cells without separa- 
tion of the haemoglobin. 

If normal blood is drawn and left to stand, the serum which 
separates from the corpuscles is not red-tinged or but very 
slightly so, provUk-ii all shaking and jarring are avoided. A very 
slight reddish tinge may appear in the serum even with most 
careful technique. In some conditions the htemoglobin, while 
not actually separated from the corpuscles within the vessels, is 
so loosely connected to them that a cousideral.de quantity sepa- 
rates post mortem and colore the serum in spite of the avoid* 
ance of any jar. 

This condition is to be distinguished from true hiemoglobiu- 
remia, in which the serum is actually colored before leaving the 
vessels, although the two conditions really represent only dif- 
ferent degrees of vulnerability of the red cells. 

We are surer of a diagnosis of hremoglohimemia when we find 
bits of broken-down cells in the fresh blood and the additional 
evidence of hemoglobinuria or jaundice. 

1. Severe forms of malaria, yellow fever, typhus 
severe forms of septicemia, and rarely scarlet fever may cans* 
luemoglobinflemia. 

2. Piiyiiri/muiil li'T)in-ii/liif>iii";,il(i, so-called, is a variety who* 
cause is unknown and which does not seem secondary to 8 
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other disease, unless a certain relationship to syphilis be es- 
tablished, and possibly to malaria. The attacks are brought on 
by a great variety of causes (cold, muscular or mental strain, 
etc.). Some persons can always bring on an attack by putting 
the hand or foot into cold water. 

Blood Eocamination. 

Coagulation is very rapid, but the clot soon dissolves again 
(Hay em). The fresh blood shows deformities in the corpuscles 
and bits of broken cells, if examined during a paroxysm. The 
following figures from Grawitz illustrate the loss of cells from a 
single paroxysm. Before the paroxysm: Red cells, 4,750,000; 
white cells, 12,000. Toward the end of the paroxysm: Red 
cells, 3,620,000; white cells, 12,000. 

Haemoglobin is decreased equally with the red cells. The ' 
loss is soon made up again in most cases, and between the par- 
oxysms we may find normal blood or only a slight anaemia. 
The leucocytes are normal. 

The serum is brilliantly red-colored at the time of the par- 
ox vsm. 

All that is known of the disease is expressed by saying that 
for tsome reason the red cells are abnormally sensitive, so that any 
one of a variety of slight disturbances is sufficient to separate 
their haemoglobin and set it loose in the plasma. 

3. Extensive burns have been reported to cause haemoglo- 
binrcmia with breaking up of th& red cells, presumably through 
changes in the serum similar to those which make duodenal 
ulcer so common a sequel to bad burns. 

4. Snake poison and scorpion poison may have similar 
effects. 

II. Another group of corpuscle destroyers is that which 
works by changing the luemoglobin to metluemoglobin. The 
most important of these is — 

1. Chlorate of Potash. — This destroys the corpuscles and pro- 
duces hremoglobinflomia and the usual train of symptoms (jaun- 
dice, dark urine, etc.) due to this. 

Brandenburg 1 examined the blood of a woman who had taken 
two and one-half ounces of chlorate of potash in water the night 
before. The blood showed marked leucocytosis, broken and 

1 Berliner klin. Woch., 1895, No. 27. 
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distorted red cells. Id gross it was chocolate-colored and the 
serum after separation of the clot was brown. The red celLa 
progressively decreased as follows : 

Bed cells. While .> II.-. 

Finttday 4,800.000 20,000 

Second day 2,500.000 

Fourth day 3,800,000 

Firth day 2,100.000 

Sixth day 1,800.000 

Seventh day 1.600,000 13,000 (death) 

2. Antipijrin ami antiftbrin in doses of thirty to forty-five 
grains may cause great cyanosis and dangerous prostration 
through transformation of the hiemoglobin and niethaanioglobin. 
In certain persons much smaller doses produce the same effect. 

3. Phcnact'ui poison hnj {Kronig: llcrl. kiln. Woch., 1895) 
may cause actual blood destruction with ana?mia in case the 
patient survives the immediate effects of the deprivation of 
oxygen. 

4. Phosphorus poisoning (see Liver, page 251). 

5. Workers in aniliue dyes and nitroglycerin factories may 
be severely poisoned by nitrobenzol compounds inhaled and pro- 
ducing methu'Uioglobimeinia. 

6". PyrogalUc acid ajui pyrugallol as used in treatment of skin 
diseases may lead to death through destruction of the red cells. 
Chromic acid (for instance, as applied through the vagina) may 
have a similar effect. 

Many other less common substances work the same ill-effects 
on the blood. 

ILT. A third group of substances, of which carbonic oxide gas 
is the type, poison by combining chemically with the haemo- 
globin and preventing its combination with the oxygen of the 
air. 

1. llfiiniiiKiliiig go* is for our purposes the most important 
of this group, with carbonic oxide gas second. 

The appearance of individual blood cells is not altered nor 
do they break up, but the corpuscles are useless to breathe with, 
as they cannot take up oxygen. 

The color of the blood is very bright red, much brighter than 
normal. 
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Bed Cells. 

Von Limbeck 1 found in two cases 6,630,000 and 5,700,000 
respectively. The volume of these corpuscles (estimated by 
Bleibtreu's method) was greatly increased, amounting to 70.7 
per cent (normal 41-48 per cent), so that apparently the size of 
the individual cells is increased. 

Miinzer and Palma' found 5,700,000 red cells in one case. 

Leucocytes. 

Eaton' reported four cases, in all of which the white cells 
were increased, the counts ranging between 15,000 and 22,000 
per cubic millimetre. 

Miinzer and Palma (loc. cit.) found 13,300 in their case. 
Two such cases have been examined at the Massachusetts Hos- 
pital with the following results : 



Case. 


Red cells. 


White cells. 


Remarks. 


1 


4,930,000 


17,500 
21,200 
15,500 




2 


November 27th. comatose. 






November 29th, convalescent 



Warthen 4 reports the same condition in a single case. Here 
the specific gravity was also very high (v. Limbeck finds that 
this is to be explained by the increase in the actual size of the 
corpuscles) . 

When there is any doubt as to diagnosis, the following test 
will settle it: Shake a small quantity of fresh-drawn blood into 
three times its volume of subacetate of lead. If the blood con- 
tains CO the mixture becomes of a fine red color; otherwise it 
turns chocolate-colored. 5 

2. Da Costa (Med. News, March 2, 1895) reported a consider- 

1 Loc. cit. , p. 234. 

8 Zeit. f. Heilk./vol. xv., p. 1. 

1 Boston Medical and Surgical Journal. March 14th. 1895. 

4 Virchow's Archiv, vol. cxxxvi. 

* Rubner: Zeit f. anal. Chemie, xxz., p. 112. 
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able diminution in haemoglobin of patients during etJierization, 
especially anaemic patients, but the investigations of Lerber ' do 
not confirm this. 

Tansy Poisoning. — A single case examined at the Massa- 
chusetts General Hospital showed: Bed cells, 4,600,000; white 
cells, 21,000 ; haemoglobin, 70 per cent. 

Inaug. Dissert, Basel, 1896. 



PART VI. 

MALIGNANT DISEASE, BLOOD PARASITES, 
AND INTESTINAL PARASITES. 



CHAPTER X. 

malignant disease. 
The Blood as a Whole. 

• 

1. The specific gravity is reduced in most cases, running 
roughly parallel with the haemoglobin. 

2. Coagulation is normal or slower than normal in uncom- 
plicated cases. When sloughing and inflammation are present 
it may be rapid. 

3. Fibrin is usually normal; an increase means inflammation 
in or around the tumor or an inflammatory complication. 

CANCER. 

Red Corpuscles. 

As in tuberculosis, we are frequently surprised to find but 
little diminution in the number of red cells. In all but very ad- 
vanced cases this is the rule. It is a change of the individual 
red cells (pallor, loss of size, of weight, degenerative changes), 
rather than a reduction of numbers. 

Nevertheless in the later cachectic stages of most cases of 
malignant disease, we do find a quantitative anaemia, the counts 
often running as low as 2,500,000 and occasionally sinking as 
low as in pernicious anaemia. Thus v. Limbeck records a case 
(complicated by repeated hemorrhages) with only 950,000 red 
cells per cubic millimetre. The lowest of my own oases was 
1,632,000 per cubic millimetre. 
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There seems to be no considerable difference between 
and sarcoma as regards their effect on the red cells. 



Table XXXIX., A.— Gastric Cancer Without Leucocytosis. 



rj/MHI.lMMi 

-, *",!«« I 

■MAW 
S,7<4.o0 , 

r,,iH[i.((»)| ' 
■i.-ivn.i ' ■' 



.HI -.Ml*', 11.300 





73 


Mm! 


"",■»"""" 


■■■'.f-i 


a 


s&s 


n 


r-ii 


* 



4,100.01)11 p.TSO I 



One week later: mealtime, April 14 
Four houn* after meal. 

MtII nut,, ni.-allime. 
April 16th, Hirer and one-half hwir 

\].ril l.lh. i Hi-Hi time. 
April 17th. three hour, after. 



July ■Jill.. In nmnliil-- ■■'■Us; |:i.lvii;,ii'i)) 

, , i - ■ : ■ . ..■ I .■,:.! ■,-..■ . ■ ■. 

Lints l,mi [. in n-vi-s, V. S i'..-1-.-it. "I.-, I. -.■!!,. 

IhH'.-llil-r lilh. 18DS. 
.hinmirj »lli. IBM. 

No nucleated red cells. Slight poikylocytoaia. 

Ten da J-* later, mealtim". 

T »)■>, I.K.-I-. r..ur rnnfter meal 



I- Iin-l. 

■ i.lrr.n.l.. 



In i,iijii ivliil..cell«: ft! 5 i*t c-ent polymorphs. 
nnulivr; Kl Htnall Ivinphn-ftai: I Ml lanre. 
lym pin ■cjr tea; 1 euBiiKipntlrH, Autnpiiy, one 



" Adult. F a.iiin,""" inon) I 

a a. luit. m ri.i-ji.mi iii.-.n 



Table XXXIX., B. Gastric Cancer with Leucocytosis. 



:l. "-„'*.' •■' 
■;.to..iimi 

■;.-.'-, i.i.'"' 



Different!*) ooimf 



:: Poly.. 

f ,|.i],-.i. 



BO percent: lympho- 
BepItmiberWtli. IMS. 



filed Febnury Wth. lNBo,' A 
rotvld meal. 



Iv.ly., 75.7 l»T 'Tp-rit ; srimll ly 1 1. ).}■.„ -vi . 
liifit" '■' 'li!>ln..l li-H, J.::. b-riMiif ,|>lllN-h. i 

«m»ry H, 1RR8. 

.nnl liili. iwfl. Illfferenlfsl mral of a 
l''.iU . *;./i p.-rc'iii : ]v!ii|iii.i.-i i.-.. in ">. 
A|.ril'-.-ill, lii.'.i Mm." 1-r. Aut<i|~v. 
Supposed pernicious muviiiIb.. 



As will be seen by consulting Tables XXXIX., A, B, the 
count of red cells is sometimes above normal, doubtless due to 
concentration of the blood from some cause. Probably the same 
influence is at work in other cases, and many of those showing 
normal counts liave really fewer red cells than they should. Snch 
abnormally high counts are not rare, as the following examples 
Bhow : 



Author. 


Cue. 


*»«■«, 


Bed cells. 


tuemoglobin. 


Ostt'rspey '. . . 
Osterspey .... 
Osterspey .... 
Neubert' 


2 
2 


Cancer of tlie stomach 


5.040.000 
6,184,000 
8,280,000 
5,O8fl,0O0 
4,918,000 
6,200,000 




Cancer of the liver and stomach 


87 


Cancer of the stomach 


78 






77 



1 Dissert.. Berlin, 1802. 

■ InauR. Dissert.. Dot-pat. 1886. 

'"Z&hluDgd. Blutkorp.," Leipzig. 1891. 
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I wish to lay some stress upon this point, because it lias been 
stated by some recent writers {t.ij., Grawitz: "Pathologic dee 
Blutes," Berlin, 1800) that the red cells are almost always dim- 
' jnished in malignant disease. 

The high counts in cancer of the gullet are obviously to be 
explained by the lack of liquid taken, the blood being greatly 
concentrated as in any other form of starvation. 

That this increase is not invariably present (see Table XL., 
page 300) is doubtless l>ecause some esophageal tumors permit 
the ingestion of liquid in normal amount* and of a certain 
amount of solids. 

The highest counts in the Massachusetts Hospital series are 
in simple gastric cancer without any stenosis at either end <>f tin- 
organs (see Cases I., III., XVI., fcnd XXI.), and the lowest 
count (1,632,000) was in a similar case just before death. Tak- 
ing all the cases of cancer in this series together, the meragc of 

l/:r s.ri ,,l,/-tii;- MM "' Oit Hn'r irlifii firiihitrnt l'<yti,i 11X18 4,140,- 
000 red irll.s per nihir milHuir/ re. 



Htvnioijhbiii. 

Bierfreund,' who has examined (seventy -two cases with re- 
gard to their percentage of coloring matter, found that in rela- 
tively slow and long-standing cases it averaged 68.5 per cent, 
and in the worst cases 57.5 per cent. After the operation tin* 
hiiiiio^lnl.iu iB of course lower owing to hemorrhage, and Bier- 
fninid noticed that as a rule the luenioglubin began to rise 
toward normal much later than after operations for non-malig- 
nant conditions — a week later on the average — anil that it never 

n ",■/,,</ the ftn'ml ill trliirh It iru.i lirfrm 1 1" OpenttOtC 

The followiug table from Bierfreund is of interest aa 
illustrating these points. Cases were examined before and 
after operation, and the examinations were continued daily 
after the operation until the htemoglotiiu began to ri«e 

1 Lan gen beck's Archiv, vol. xli. 

1 This is all the more eitraord i nary because Bifrfreund spc'inHy net. d 
Unit even in patients who gained weight notably after the operation the 
hemoglobin did not rise bo high aa it had been liefore operation ; he 
watched them for months after it. Apparently the actual presence of 
the tumors is not the only cause of the lack of corpum-l* *iirmtano>. 
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again. This occurred very late as compared with other 
operations. 



Diagnosis. 


Per cent 

haemoglobin 

before 

operation. 


Per cent 
haemoglobin 

after 
operation. 


Per cent 
loss. 


Regeneration time. 


Malignant tumor without 
complication. 

Very large or rapidly grow- 
ing tumors. 

Tumors with "softening" or 
disturbances of function. 


68.5 
56.6 
57.5 


53 

38.4 

39.7 


15.5 
18.2 
17.8 


23 days. 
27.8 days. 
27 days. 


Total. 72 cases. 


Av., 60 


A v., 42.8 


17.2 


Av., 25.9 days. 



By "regeneration time" is meant the number of days 
elapsed after operation before the haemoglobin begins to rise. 
After operations for other causes (non-malignant) the average 
regeneration time is fourteen to twenty days. 

It is very important that these results of Bierfreund's should 
be tested. In Mikulicz's surgical clinic at Breslau all patients 
have their haemoglobin tested regularly. In this country the 
surgical portion of the profession have not as yet taken hold of 
blood examination, and many questions about the blood in sur- 
gical affections remain unanswered. 

Beinbach 1 examined 16 cases and found the haemoglobin range 
between 18 to 70 per cent, with an average of 50 per cent. 

BiederV cases average 53 per cent (sarcoma much lower — 
see below) . 

Laker' noticed the low haemoglobin percentage in malignant 
tumors and thought it a help in excluding benign tumors or 
tuberculosis, in which the haemoglobin is much less diminished. 

In the 48 cases of malignant tumors in which I have notes of 
the haemoglobin (see tables) the average is 54 per cent. Com- 
paring this with the average count of red cells (4,140,000), we 
get a color index of .65, distinctly higher than the average of 
chlorotic cases, of which, however, the figures distinctly remind 
us. The highest cases of this series had 100 per cent and 90 
per cent of haemoglobin respectively, and the lowest 20 per cent 

1 Langenbeck's Archiv, 1893, p. 486. 

* "Beitr&ge z. Kenntniss d. Leukocytosis, n Leipzig, 1892 (Vogel). 

1 Wien. med. Woch., 1886, Nob. 18 and 19. 
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uiiil 'I'l per tout; in these last two cases the color indexes were 
;;i'. ■rihl ,68 nspw&raly, oat axoaBsirel; low. 

As the disease progresses, the red cells and hemoglobin 
itotflllj go down (except in cancer of the gullet), and at the time 
of death 1,000,000 cells per cubic millimetre is uot rare. 

Tin* color index always remains below 1. Compared to most 
other varieties of secondary anemia {e.g., those in tuberculosis 
or nephritis) a quantitative auu?mia— that is, a loss of red cells 
an well as of hemoglobin— is relatively more frequent. In gen- 
eral the degree of anemia is parallel to the amount of cachexia* 
except when hemorrhage increases it (as in tumors of the stom- 
ach or uterus). 

How far the anemia may be duo to actual destruction of cells 
by toxic (") products of the tumors is doubtful. Grawitz found 
that the injection of extracts of cancerous tissues caused in 
rabbits a temporary dilution of the blood, so that the cells per 
cubic millimetre were diminished, and it may l>e that this plays 
some part in the causation of the low blood counts. 

Qualitative Changes. 

(a) The average diameter of the red cell* is often diminished 
either (as in chlorosis) by a diminution of the size of nearly 
every corpuscle, <>v by a less general shrinkage, many cells be-iiuj 
of normal size. The^ery large forms seen in pernicious anemia 
Are rare iu the anemia nf malignant disease, and never, I think, 
reach the size of the giant forms seen in the former condition. 
Very small cells, on the other hand, are as common in ad- 
vanced cases as in any other form of anemia, except chlorosis. 
Deformities and degenerative changes are very common in well- 
marked cases. 

aooordiog to Btraner, the deformities found in malignant 
disease are greater than those found in any form of tuberculosis, 
and this fact he thinks of value in diagnosis. 

Degenerative changes* are often well marked, but seldom, if 
an t, reach so extreme a condition as occurs in many casea of 
pernicious anemia. 

(h\ Nucleated red corpuscles- are the rule in all advanced cases, 
and in some that are not advanced. Malignant disease differs 
in this respect from tuberculosis and most other conditions in- 
volving secondary :ujji ■ lji in . in that the nucleated red cells may 
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appear even when there is no considerable loss of red cells 
(numerically) or even when the haemoglobin is also normal 
(Schreiber). 

As a rule the nucleated corpuscles are of the normoblast 
types (including small forms with dividing nuclei), but in very 
cachectic cases we may find megaloblasts as well — always, so far 
as I know, fewer in number than the normoblasts. This consti- 
tutes one of the points of distinction between pernicious anaemia 
and the severest types of secondary anaemia, such as occur in 
malignant disease. The megaloblasts, when present, are in the 
minority as compared with the normoblasts. 

The characteristics of the blood changes in malignant disease, 
then, so far as concerns the red cells, are those of secondary 
anaemia, which at times attains the severest type — but only 
when cachexia is marked, or when hemorrhage complicates the 
disease. 

The specific gravity follows in a general way the haemoglobin 
percentage. 

On the ichite corpuscles in malignant disease a great deal of 
interest has centred, and very conflicting reports have been 
published. As the effects of cancer and sarcoma seem to be 
somewhat different we will consider them separately. 



1. The Leucocytes in Cancer. 

(a) Quantitative Changes. 

We should expect great differences in the blood of different 
cases if we consider what a wide range is included between the 
small, hard, slow-growing, curable cancer of the lip which may 
produce little or no impairment of the general health, and the 
" fulminating," rapidly growing cases with numerous metastases 
and profound prostration. 

The former class of cases mav show a blood normal in all 
respects, including a normal leucocyte count; while in the latter 
the blood may be so profoundly altered as to be confused with 
that of pernicious anaemia on the one hand, or with that of leu- 
kaemia on the other. 

In a' general way it may be said that the more " malignant" 
the cases the greater the changes in the blood. 
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The effect upon the leucocytes depends upon the following 
conditions : 

1. The position of the tumor. 

2. Its size, rapidity of growth, and the number, size, and 
position of its metastases. 

3. The resisting power of the individual 

1. Position. — (a) Tumors of the gullet involving stricture but 
not extemUug to other tissue* m often uoompsided by a dim- 
iii'iliim of the leucocyte count, owing to the starvation which 
they produce. This is not true of all cases, us is shown in the 
accompanying tables, but when the leucocytes are increased there 
is usually an involvement of other organs as well. 

(») Cancers of the uterus and some of those of the stomach, 
by reason of the hemorrhage which they produce, are apt to lie 
associated with a very high leucocyte count. 

(e) Tumors of the thyroid and of the pancreas an Mid bf 
some writers to cause a specially great leukocytosis. In my own 
experience, tumors of the kidney have shown vwrj marked in- 
crease of white cells. 

2. Size.— Other things being eo,ual, the larger and more 
rapidly growing tumors show in most cases a greater leucocy- 
tosi.s than small, slow-growing ones. 

Thus the cancers of the lip and of the pylorus, scirrbus of 
the breast or of the penis, show smaller counts than tumors of 
the liver, omentum, and kidney, which are apt to grow more 
rapidly. M.-tiwtases in the bone marrow are thought by some 
(ftMmn 1" give peculiar qualitative blood changes (see be- 
low) . 

Iu general, metastases, being a method of rapid growth, 
simply add to the leucocyte count. 

Thin distinctions eliminate some of the apparent contradic- 
tious between the findings of different individuals who were 
simply describing cancers of different types. But even within 
a single type, there are very marked differences in different 
cases. For instance, Alexander' found the leucocyte count in 
nw of scirrbus of the breast to vary between 2,3uDand 21,700. 
Similar differences have l>een reported in cancers of the stomach 
{t.ij., Schneider' rinding leukocytosis in all of twelve cases, while 
' Alexander : Then? ile Parid. 1887. 
' Iqoiik Dissert.. Berlin, 1888. 
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Osterspey 1 in another series of twelve cases found leucocytosis 
in only two). 

3. Be&istwg Power. — Possibly a part of these differences is 
to be explained by differences in the resisting power of the in- 
dividual. But if this is so, we cannot measure the endurance of • 
a given patient by his general health. As in the Civil War the 
pale, city -bred men outlasted the healthy farmers, so here the 
tumor's rapidity of growth seems often to be greatest in the 
most vigorous young individuals, while dried-up old women will 
resist its advance for a longer period. 

We come now to the conditions to be found in particular 
types of cancerous growth. 

Surprisingly little work has been done on the blood in malig- 
nant disease, such cases usually being under the charge of sur- 
geons who rarely value such investigations. Except for scattered 
counts here and there, all our knowledge of the corpuscles rests 
on the work of Hayem and Alexander in France, and Bieder, v. 
Limbeck, Pee, Sadler, Keinbach, Osterspey, Grawitz, Strauer, 
Schneyer, and Schneider in Germany. 

CANCER OF THE BREAST. 

Most of our data come from Hayem* and his pupil Alexan- 
der.' 

1. Scimhus Groicihs. — Number of cases, 14. Average leu- 
cocyte count, 11,400. Highest count, 21,700; lowest, 2,360 — the 
last is somewhat doubtful as to diagnosis ; except for this case, 
which was in a very old, dried-up woman, the lowest count was 
7,400. 

In 10 out of the 14 cases, the count was over 10,000. In the 
3 cases seen by the writer 2 showed no leucocytosis, 1 a consid- 
erable leucocvtosis. 

2. Med nllary (Encephaloid) Growths. — Three cases, all over 
10,000— average 11,300. 

1 Inaug. Dissert., Berlin, 1802. 

• Hayem : *Du San*," Paris, 1889, p. 947. 

:! (r. Alexander: "De la Leucocytosis dans lea Cancers," Paris Thesis, 

1887. 
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Effects of Operation, 
The following figures from Hayeru are also of interest: 
Case I.— Scirrhus of tie Breast. 

Before operation 81,700 

Five weeks alter operation (wound not 

quit* healed) 10,000 

Wound completely healed 0,200 

Seven months after operation 8,990 (beginning to rise again) 

The growth recurred some months later and leucucvtosis was "gain 
present. 

Case IX— Scirrhus of the Breast. 

FllTl SrVODd 

Before operation 11, S0O U,4fi0 

After operatiou 6,500 6,200 

Case III. — Scirrhus of tke Breast. 

Flnt Second 

Before operation •. 11, 000 12,400 

Afler operatiou 8,400 

Cabe T/V. — Scirrhus of the Breast. 

Before operation 7,400 

After operation 1,300 

Case V.— Medullary Cancer of the Breast. 

Before operation 10,000 

After operation 9,000 

Hiiyein considers that by watching tke leucocyte count v 
can predict tke coining of a recurrence before any physical «igus 
are present. This he did in Cuse I. of tke series just given. 

I have seen no confirmation or refutation of tkis statement. 
It is one of the many points to which tke attention of surgeons 
should be directed. 

CANCER OF THE STOMACH. 

Here we kave a much larger body of data to judge from. 
Thus: 

Hayem' in 12 cases found leucocytosis present in 5, absent 
in 7. 

1 "DuSang," Paris, 1889. p. 949. 
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Schneider 1 in 12 cases found leukocytosis in 12 (all). 

Schneyer' in 18 cases found leucocy tosis in 4, and these 4 all 
under 11,000. 

Osterspey 3 in 12 cases found leucocytosis in 5. 

Bieder 3 in 6 cases found leucocytosis in 3. 

Sadler 4 in 13 cases found leucocytosis in 2, and in both there 
were complications (abscess of liver, perforation of gullet with 
gangrene) to which the leucocytosis might be due. 

Reinbach* in 4 cases found leucocytosis in 2. 

Iteinert * in 2 cases found leucocytosis in 2. 

Laache 7 in 5 cases found leucocytosis in none. 8 

Despite these facts we have the record of a certain number 
of single cases in which the leucocytosis has been enormous. 
For instance, Welch in "Pepper's System of Medicine" men- 
tioned a case in which the ratio of white to red cells was 1 : 26 
(normally 1 : 750 ± ). Eisenlohr's * case showed 1 white to 50 red 
and Potain's 10 case showed 1 white to 48 red cells. 

The Massachusetts Hospital series of 46 cases showed leuco- 
cytes in 15 cases and none in 31 (see Tables XXXIX., A, B). 
Out of those showing leucocytosis 6 were under 12,500, that is 
the leucocytes were but slightly increased, leaving only 9 out 
of 45 (or twenty per cent) in which the leucocytosis was very 
marked. Among these 9, the highest counts were 40,000 and 
39,000, and the highest ratio 1 : 62. 

In this series I have excluded all cases in which there was 
evidence of metastasis in other organs ; this means excluding 7 
cases, 6 of which showed leucocytosis, and helps to account for 
the low average leucocyte count in the other 46 cases. 

In over three-fourths of these cases the diagnosis was made 
certain either by operation or by autopsy ; all the others showed 

1 Inaug. Dissert, Berlin, 1888. 
' Inaug. Dissert. , Berlin, 1892. 

• TjOC. cit. 

4 Original-Mittheilungen ana der Klinik v. Jaksch, 1891. 
1 Langenbeck's Archiv, 1898, p. 486. 

• Ijm. cit. 

• u Die Anamie." Christiania, 1888. 

• Apparently, since he draws attention to the fact that there is leuco- 
cytosis in a case of cancer of the uterus. 

• Deut. Arch. f. klin. Med., 1877, vol. 
10 Gaz. des Hdp., 1888, No. 57. 

20 
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either a palpable tumor in old cachectic patients with pain and 
vomiting, or other equally clear evidence lor the diagnosis. 
Doubtful cases have been excluded. As will be seen by the 
table, in some of the cases the counts were verified by repeated 
examinations, while in others only a single count— that made 
when the patient entered the hospital— was recorded. 

As a rule, the high leucocyte counts were in the more cachec- 
tic cases; but this does not always hold. Cases 10, 11, and 
2ft in Table XXXIX., A, were very cachectic but showed no 
leukocytosis. 

The position of the tumor in one or another part of the 
stomach seemed to liavn no i-onni'ction with the number of leu- 
cocytes. 

On the whole, leucocytosis is relatively infrequent in cancer 
of the stomach, occurring in only about one-third of the early 
cases. As the disease progresses we may get a leucocytosis, par- 
ticularly in case its growth is rapid and metastases are frequent 
and numerous; but some cases, particularly those in which the 
tumor is small and grows slowly, may run their entire coarse 
without any leukocytosis being present. In this resjHVt they 
are like the majority of small, slow-growing cancers in other 
parts of the body (see below). 

Hemorrhage or perforation is of course accompanied by an 
increase in the number of white cells — in fact the highest count 
in the present series (105,000) occurred in a case in which a can- 
cer of the stomach with metastases in the liver perforated into 
the ]>eritoneal cavity and started a virulent, quickly fatal peri- 
tonitis. 

DIGESTION LEUCOCYTOSIS IN CANCER OF THE STOMACH 

A considerable body of statistics has accumulated to show 
that in the great majority of cases of gastric cancer the leucocy- 
tosis of digestion (see above, page 84) does not occur. B. 
Miiller ' noticed this fact in 5 cases of cancer of the stomach. 
.ScIminT : in 18 cases found it invariably absent, while in 3 cases 
of benign stenosis of the pylorus a considerable digestion leuco- 
cytosis appeared, as was also the case in 7 out of 8 cases of 
nicer of the stomach. 

' Prs*. med. Wocb., 18B0. No. 17. 

' -.vi! f. i.lin. Med., 1806 p. 475. 






CANCER OF THE 8TOMACH WITH METASTASES. 



299 



He found both incipient and advanced cases to be similarly 
affected. In 5 of his cases and in some of Miiller's HC1 was 
present in the gastric contents, so that the absence of diges- 
tion leucocytosis was not due to absence of HC1. 

Hartung (Wiener klin. Woch., p. 697, 1895) in a series of 10 
cases (mostly advanced) found no digestion leucocytosis. 

Capps ' in 14 cases examined at the Massachusetts General 
Hospital found a digestion leucocytosis in 2, the increase being 
respectively 4,100 and 3,850 cells over the count before the be- 
ginning of digestion. In the other 12 cases there was no in- 
crease after a large proteid meal. 

Two cases of ulcer of the stomach showed marked increase, 
as did several cases of hyperacidity and other gastric disorders 
(see Diseases of the Stomach, page 241). 



CANCER OF THE STOMACH WITH METASTASES. 

Most writers have not separated the cases with metastasis 
from those without it. A glance at the seven cases of Table 
XXXIX., C, shows that with one exception leucocytosis was 
present throughout most of the disease. 

Table XXXIX., C.— Cancer of the Stomach with Metastases. 



/» 

£ 


Age. 


M 

<£ 
M. 

M. 

M. 

M 
M. 

m. 

M 


Red cells. 


White 
cells. 


Per cent 
heemo- 
globin. 


Remarks. 


1 

o 
3 

4 


48 

41 
88 

66 

Adult. 
54 

47 


4,228,000 

4,272,000 
5,432,000 


5,000 

6,200 

7,300 

10,000 

10,190 

18,653 

7,000 
14,400 
19,600 
21,640 
16,000 
24,000 
24.200 
22.500 
34,350 

30,600 
105,600 ! 


70 

57 
52 

70 
62 

60 


January 23d. Stomach and liver. 
January 28th, mealtime. 
January 28th, three hours later. 
Stomach, liver, and glands. 
January 6th. Stomach and liver. 
January 12th. 
January 22d, died. 
February 14th, no cachexia. 


5 
6 


5,168,030 

8,352,000 
4,160,000 


March 6th, liver involved. 
March 12th. 
March 17th, cachectic. 
Stomach, liver, and spleen. 
Stomach and liver. 

November 7th, cancer of stomach 








and liver. 
November 11th. 
November 14th, perforation peri- 






tonitis. 



1 Boston Med. and Surg. Journal, 1896. 
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and 22 per cent; in these last two cases the color indexes were 
.:!ii and .68 respectively, not exoeeeivelj knr. 

As the disease progresses, the red cells and haemoglobin 
steadily go down (except in cancer of the gullet), and at the time 
of death 1,000,000 cells per cubic millimetre in not rare. 

The color index always remains below 1. Compared to most 
other varieties of secondary antemia {e.g., those in tuberculosis 
or nephritis) a quantitative anaemia— that is, a loss of red cells 
as well as of haemoglobin — is relatively more frequent. In gen- 
eral the degree of amentia is parallel to the amount of cachexia, 
except when hemorrhage increases it (as in tumors of the stom- 
ach or uterus). 

How far ihe auteinia may be due to actual destruction <>f cells 
by toxic (?) products of the tumors is doubtful. Grawitz fouod 
that the injection of extracts of cancerous tissues caused in 
rabbits a temporary dilution of the blood, so that the cells per 
cubic millimetre were diminished, and it may be that this plays 
some part in the causation of the low blood count*. 

Qaattiativt Changes, 

(n) The average ilfnwunftr •>/' thr red cells is often diminished 
either (as in chlorosis) by a diminution of the size of nearly 
every corpuscle, or by a less general shrinkage, many cells being 
of normal size. The^ery large forms seen in pernicious antemia 
are rare in the anosmia of malignant disease, and never, I think, 
reach the size of the giant forms seen in the former condition. 
Very small cells, on the other hand, are as common in ad- 
vanced cases as in any other form of amemia, except ohlazoaia, 
Deformities and degenerative changes are very common in well- 
marked cases. 

According to Straner, the deformities found in malignant 
disease are greater than those fonud in any form of tul» n ul-i-. 
aud this fact he thinks of value in diagnosis. 

I ')•■<!•■ nn-'i fire change* me often well marked, but seldom, if 
ever, reach so extreme a condition as occurs in many cases of 
pernicious utni'inia. 

(/>) A'"- ln> tril rt-il r'->r//n.ivh'« are the rule in all advanced cases, 
and in some that are not advanced. Malignant disease ditl'i rs 
in this respect from tuberculosis and most other conditions in- 
volving secondary amemia, in that the nucleated red cells may 
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appear even when there is no considerable loss of red cells 
(numerically) or even when the haemoglobin is also normal 
(Schreiber). 

As a rule the nucleated corpuscles are of the normoblast 
types (including small forms with dividing nuclei), but in very 
cachectic cases we may find megaloblasts as well — always, so far 
as I know, fewer in number than the normoblasts. This consti- 
tutes one of the points of distinction between pernicious anaemia 
and the severest types of secondary anaemia, such as occur in 
malignant disease. The megaloblasts, when present, are in the 
minority as compared with the normoblasts. 

The characteristics of the blood changes in malignant disease, 
then, so far as concerns the red cells, are those of secondary 
anaemia, which at times attains the severest type — but only 
when cachexia is marked, or when hemorrhage complicates the 
disease. 

The specific gravity follows in a general way the haemoglobin 
percentage. 

On the white corpuscles in malignant disease a great deal of 
interest has centred, and very conflicting reports have been 
published. As the effects of cancer and sarcoma seem to be 
somewhat different we will consider them separately. 



1. The Leucocytes in Cancer. 

(a) Quantitative Changes. 

We should expect great differences in the blood of different 
cases if we consider what a wide range is included between the 
small, hard, slow-growing, curable cancer of the lip which may 
produce little or no impairment of the general health, and the 
u fulminating," rapidly growing cases with numerous metastases 
and profound prostration. 

The former class of cases mav show a blood normal in all 
respects, including a normal leucocyte count; while in the latter 
the blood may be so profoundly altered as to be confused with 
that of pernicious anaemia on the one hand, or with that of leu- 
kaemia on the other. 

In a* general way it may be said that the more " malignant" 
the cases the greater the changes in the blood. 
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Table XLII.— Cancer 




CANCER OF OMENTUM AND ABDOMINAL ORGANS GENERALLY. 

The seven cases seen at the Massachusetts General Hospital 
in which cancerous tissue was pretty generally distribute*! 
through the abdominal organs, all showed leucocytosis with 
one exception, the counts ranging high (see Table XLLH., A 
andB). 



Morkr.ll) Ivii. L»n 



IMUirrru InffprHiiliitJ mint t>f 

i'oly ., Wl per mat; mwll hrm- 

pbacyMa, 0: Utur lvmi>hocyt«. 5; edaliui- 
phlW, ti. Auiopey. 



1'itT. 



WtlM of *jiBiirl»in. AllloMT. 
.ffpr.-Dll»l count or MP erlfii Pol 
cent; lymphocyte*. 80, 



CANCER OF THE KIDNEY. 

Of font cases which I have examined (see Table XLLTL, B) 
all showed very Luge leucocyte counts — viz., 27,000, 28,500, 43,- 
100, 82,000, and 91,000, an average of 54,000. In two of these 
lea, however, the tumors may have been sarcomata, as no 
microscopic examination was made. Most of the cases had 
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fever, chills, and signs of inflammation, which may account for 
part of the leucocytosis. 

Table XLIIL, B. —Cancer op Kidney. 



c 



Afce. 



I 1 2 



8 



49 



60 



r% 



Red 
cells. 



F. I 8,756,000 



F. 5,200,000 



F. 3,860,000 



F. 4,111,000 
12,780,000 



White 
cells. 


Percent 
haemo- 
globin. 


27,000 

28.500 

48,100 

82,000 
91,000 









Remarks. 



Differential count of 500 cells: Poly.. 66 per 
cent; lymphocytes, 29.5; eosinophiles, .2; 
myelocytes, 2.5; normoblasts, 24; megalo- 
blasts, 2. Autopsy. 

Supposed leukaemia. Differential couut of 500 
cells: Poly., 81.8 per cent; small lymphocy- 
tes, 12; large, lymphocytes. 4.2; eosino- 
philes, 2. Autopwy. 

Supposed leukaemia. Differential count of 
1,000 cells: Poly., 92.9 percent; lymphocy- 
tes, 6.2; myelocytes. .9; normoblasts, 2; me- 
galoblasts, 1. Autopsy. 

July 8th. 

Poly., 98 per cent ; lymphocytes. 2. 



Von Limbeck's 1 case mounted steadily from 18,514 to 
80,541. 

CANCER OF THE UTERUS. 

In six cases Hayem ' found no increase — the counts ranging 
from 4,575 to 9,500 with an average of 7,800. 

Bieder, 9 on the other hand, in a single case found 30,800, and 
the three cases counted at the Massachusetts Hospital showed 
respectively 19,400, 22,250, and 34,900 (see Tables XLIV., A 
and B) . 

There is need of more data on this subject. 

Table XLIV., A.— Cancer of the Uterus. 



© 


Age. 


F. 
F. 

F. 


Red 
cells. 


White 
cells. 


Percent 
haemo- 
globin. 


1 
2 

8 


48 
51 

31 


2,606,080 
3,282.000 

2,889,680 


19,400 
80,700 
84,900 

22,250 


20 
97 



Remarks. 



October 2Cth. 

October 28th. 

Differential count of 1,000 cells : Poly., 88 
cent; small lymphocytes, 11.7; eosino- 
philes, .2; myelocytes. .1. Two normoblasts. 



hoc. cit. 



9 hoc. cit. 



• Loc. cit. 
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Table XLIV. 


B.— Cancer or thk Ovary. 


V. 


Age. 


1 


Bed 

col It 


cells. 


For cent 

bBiuu- Remarks 
gtobiti. 


\ 


:n 


r. 

F. 


aliisioixi 


an\wo 


W | Operation. 



Cancer of the Prostate. 



Canceh of the Lip. 



Canceh or the Breast. 

lot I IiHtereulial count of SOU cells: Poly.. Tt.4 

per wuli lynipliocyw, S5 I, eosluophltoi, 

lli.i-k-1 MSWWItW count of WO cells: Pol.r . GW per 

Ineresss, | cool; Ijmpliocytes. II. 

Cancer of the Neck. 
«mk... i I P0I7., as,S per caul. 



Ctmrtr •■/ Hi-- Up lias apparently been neglected so far as 
blood examination is concerned. Ha vera, Rieder, and Reinbacli 
give but oue case each, the counts being respectively 7,000, 11,- 
600, and "not increased." la a single case at the Massachu- 
setts Hospital I found 6,300. 

The following scattered counts may be added: Cancer of 
tongue, 7,1100 (Hayem); cancer of scrotum, 0,700 (Hayem); 
cancer of navel, 7,100 (Hayem); cancer of larynx, 7,200 
(Hayem), 16,000 (Reinbach); cancer of ovary, 25,000 (Massa- 
chusetts Hospital) and " uo increase" (Reinbach); canci-r of 
neck, 20,000 (Massachusetts Hospital) and " no increase" (Rein- 
bach) ; cancer of pancreas: Hayem, 2 cases — 9,400 and 9,900; 
Schneider, 1 case— 12.000; cancer of vagina, 9,800 (Rieder); 
cancer of penis, 7,000 (Hayem); cancer of thyroid, 70,000 
(Hayem) (a very rapidly growing tumor) ; cancer of media- 
stinum, "marked increase" (Reinbach) ; cancer of prostate,' 
10,200. 

< Bratin (Wiin tried. Woch.. 1*1)6. p. 683) mentions a cancer of the 
premtstf in which the leucocy tosis instead of being made up mostly by the 
a. lull tmmoytM. was associated with a large increase of the small lympho- 
cytes together with numerous eosinophilic myelocytes. 
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Qualitative Changes in the Leucocytes. 

1. Whenever leucocytosis is present we find, as in most path- 
ological leucocytoses, a marked increase of the adult, at the ex- 
pense of the young, cells. 

Reinbach found in 8 cases with leucocytosis 89 per cent in 
2 cases and 87, 86, 83, 81, 80, and 77 per cent in others. In 
the Massachusetts General Hospital series the following per- 
centages occurred : When no leucocytosis was present 62.5 and 
62 per cent. With leucocytosis, 96, 98, 92, 86, 84 per cent, 
etc. (See Tables XXXIX., XLL, XLIIL, XLIV.) 

2. EosinopMles are not always notably decreased (as they are 
in many other leucocytoses) nor are they increased except when 
bone metastasis occurs (see below). In Reinbach's 16 cases the 
average percentage was 2 + per cent. In the Massachusetts Hos- 
pital cases the average was 1.2 per cent, but in 4 of the 14 cases 
in which differential counts were made, no eosinophiles were 
seen. 

3. Myelocytes. — Perhaps more commonly than in other con- 
ditions except leukaemia and pernicious anaemia, we find in ma- 
lignant disease small percentages of myelocytes, as the following 
cases show : 

Case I. — Extensive abdominal cancer ; great cachexia. Six 
hundred cells showed : 

a Polynuclear neutrophiles" 89.4 per cent. 

Lymphocytes 10. a 

Eosinophiles 1 u 

Myelocytes (8 in 600 cells) 5 tt 

Case II. — Cancer of uterus; marked cachexia and leucocy- 
tosis. One thousand cells showed : 

u Polynuclear neutrophiles" 82.3 per cent. 

Lymphocytes .- 17.8 u 

Myelocytes (4 in 1,000 cells) 4 u 

Case III. — Cancer of uterus; died two davs later. Red cor- 
puscles, 7,000,000; white, 62,000. Considerable stasis helps to 
explain the count. Differential count of 500 cells showed : 

%l Polynuclear neutrophiles" 98 per cent. 

Lymphocytes 6 a 

Eosinophiles u 

Myelocytes (5 out of 500) 1 a 
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Case IV. — Cancer of liver, jaundice and cachexia; died soon 
after. Differential count of 600 cells showed : 



u Polynuclear neutrophiles" 02. per cent. 

Lymphocytes 6. u 

Small myelocytes 1.2 ** 

Large myelocytes (4 in 600) 8 u 



Case V. — Cancer of abdomen ; cachectic. Differential count 
of 1,000 cells showed: 



44 Polynuclear neutrophiles" 82. per cent. 

Lymphocytes 16.6 ** 

Eosinophils 1. " 

Myelocytes (4 in 1,000) 4. a 



i4 

u 



Case VI. — Cancer of stomach, liver, etc., with perf orated 
stomach; cachexia. Leucocytes, 105,000. Fifteen hundred 
cells showed : 

44 Polynuclear neutrophiles" 90. 7 per cent. 

Lymphocytes 4.8 

Eosinophiles 2 

Myelocytes (68 in 1,500) 4.8 

Case VII. — Cancer of uterus ; cachexia. In 1,000 cells there 
were: 

44 Polynuclear neutrophiles" 88. per cent. 

Lymphocytes 117 " 

Eosinophiles 2 u 

Mvelocvtes 1 ** 

Case VIII. — Cancer of kidney; great cachexia. In 1,000 
cells there were : 

u Polynuclear neutrophiles" 92.9 per cent. 

Lymphocytes 6. 2 u 

Myelocytes 9 



Case IX. — Cancer of kidney; great cachexia. Leucocytes, 
27,000. Five hundred cells showed: 

44 Polynuclear neutrophiles" 66. per cent. 

Lymphocytes 29. 5 u 

Eosinophiles 2. tt 

Myelocytes 2. 5 a 
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Case X. — Cancer of liver. Five hundred cells showed : 

44 Polynuclear neutrophils" 92. per cent. 

Lymphocytes 5. 8 ** 

Eosinophils 2 u 

Myelocytes 2. a 

Whether there is any reason to suspect bone metastasis in 
these cases I do not know. There were no examinations of the 
bones made post mortem. 

Epstein (Wiener med. Presse, December, 1894) in a case of 
cancer with metastatic bone nodules noticed large numbers of 
nucleated corpuscles (normoblasts and megaloblasts) and mye- 
locytes. 

SARCOMA. 

In general the effects of sarcoma are like those of cancer, but 
worse. Great anaemia and higher leucocyte counts are the rule. 
The literature of the subject is rather scanty. 

Red Cells. — Hay em in a case of osteosarcoma counted the 
red cells at 663,400 per cubic millimetre. 

Laker 1 describes an " abdominal cystosarcoma" in which two 
counts of red cells showed 2,800,000 and 2,500,000. 

Von Limbeck' in 1 case found 1,118,000, and in another 2,- 
240,000. Both were osteosarcoma ta. 

Sadler 3 in 3 cases found 2,710,000, 3,637,000, 4,500,000. 

Rieder' in 3 cases (all osteosarcomata) found 1,846,160, 3,- 
770,000, and 3,995,000. 

The Massachusetts Hospital blood counts include 12 cases 
in which the red cells were counted (see Table XLV., A and B), 
the average being 4,400,000, not nearly so low as that recorded 
by other observers; still low counts occurred (2,706,000, 2,637,- 
000, 3,842,000). 

The qualitative changes in the red cells consist (as in cancer) 
of the " degenerative" changes (deformities in size and shape, 
englobular changes) present in marked cases, and the presence 
of nucleated corpuscles, when cachexia is marked. 

• 

1 Wien. med. Woch., 1886, p. 926. 
9 Loc. tit. , p. 848. 
* Loc. tit., pp. 88, 89. 
4 Loc. tit. . pp. 98, 100. 
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Tablk XLV., A.— 34KCOMA WITH Lkccocytosis. 
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Table ILV.. B. —Sarcoma without Leccocytosis. 



1 


ACT- 


1 


Bed 


<-.|'i.-,' 


I'.T 


— * 


; 
4 


■ 

ST 
H 


H 
K. 
V 

M. 


V-M.'.mi 

4.9H0,UIJU 


1'Jiu 

■3a 
Km 


"» ' 


UMiawmof 1<-»llcLr. 

Osteosarcoma of ahooldor. 

riiualt rn:iirrciir an renins of groin. 



Small tumors are often without any effect on the blood (see 
Table XLV., B). According to v. Limbeck' this is oftener trne 
than in cancer. 

Hemoglobin. — Reinbach V 20 cases ranged between 23 and 75 
per cent, averaging 52 per cent. 



' Loc dt. 
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Bierfreund ' in 29 cases found variations between 40 and 75 
per cent. 

Yon Limbeck's 2 cases had 28 and 48 per cent respect- 
ively. 

Rieder V 4 cases showed at the beginning of treatment 29, 
56, 57, and 65 per cent respectively, but in 1 case the haemoglobin 
went down gradually while under observation until it reached 
6 per cent (!), the lowest point, Rieder says, that he has ever 
seen in any disease. 

Sadler's 3 cases showed 33, 45, and 78 per cent. 

In the 5 cases of Table XLV. in which this point was noted, 
the average is 58 per cent. 

On the whole, the coloring matter seems to be more dimin- 
ished than in most cases of cancer. 

Leucocytes. — The following tables, slightly modified from 
v. Limbeck, show the important points. 

For other sarcomata, see Tables XLV., A and B. 

On the whole, leucocytosis appears to be more constant and 
of greater extent in sarcoma than in cancer. 



No. 


Observer. 


Diagnosis. 


Count. 


1 


Hayem. 
Alexander. 

u 
u 
u 
u 
II 
tt 

M 
U 
tt 

Rieder. 

M 
M 
U 

v. Limbeck. 

M 

Reinhach. 
Massachusetts Hospital 


Osteosarcoma. 

M 
U 
U 
tt 
M 
tt 
tt 
tt 
M 
tt 
tt 
tt 
M 
M 
M 
tt 
M 
U 
at 
M 


11,250 


2 


52, 700 


3 


16,430 


4 


16,275 


5 


17,050 
15,900 


6 


15,570 
13,020 


7 


10,950 


8 


12,090 
11.248 


9 

10 


12,700 

10,900 

9,100 


11 


8,0QQ 


12 

13 


82.000 
26,800 
20,000 


14 


13,000 


15 


21,000 


16 


9,000 






Average, 


17,000 ± 



1 Loc. cit 



* Loc cit 



1 Loc cit. 
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No. 


Obsenrer. 


Diagnosis. 


Count 


1 


Hayem. 
Alexander. 

u 
tt 

M 
U 

t. Limbeck. 

u 
u 

Sadler. 

u 
u 


Lymphoearcoma. 

M 
U 
tt 
tt 
u 
tt 
u 
tt 

M 
M 


11,700 


3 


19,910 


8 


19,580 


4 


11,696 


5 


11,470 


6 


10,540 


7 


55,100 


8 


88,000 





10,800 


10 


83.248 


11 


19,299 


12 


9.044 






Average, 20,000 + 



No. 


Observer. 


Diagnosis. 


Count. 


1 


Rieder. 

u 
M 

Reinhach. 

u 

Massachusetts Hospital. 

u u 


Melanosarcoma, 

u 

M 
M 
M 
tt 
U 


41.600 


2 


28,500 


8 


22,800 


4 


25,000 


5 


8,000 


6 


87,900 


7 


18,000 










Average, 


25,100 + 



Qualitative Changes. 

1. The increase* of adult leucocytes which we find in most 
forms of leueocytosis is not always present in sarcoma' and 
seems to l>e less frequent than in cancer (see Cases II., VlJLL, 
and XL, Table XLV.). 

As in cancer, it may be present when no increase in the total 
leucoevte is to l>e found, and mav be the onlv indication of anv 
disease in the organism. 

2. A few cases are on record in which a largo percentage of 
eosinophil?* lias been present. 

lleinbach found 48 per cent of eosinophils in a case of sar- 
coma of the neck with sloughing and ulcerative endocarditis, the 

1 Pal ma (Deut. Med. Woch., 1892) reports lymphocytosis in sar- 
coma. 
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percentage continuing over 40 for several weeks.' Autopsy 
showed sarcomatous nodules in the bone marrow. In another 
case, a tumor of the abdomen, the eosinophiles were 10.5 per cent, 
and in two others 8 per cent. 

A case of apparent sarcoma of the abdominal organs (no 
autopsy) at the Massachusetts General Hospital in January, 
1896, had 12.4 per cent of eosinophiles. 

Such cases should certainly make us think of bone metas- 
tases, and Neusser speaks of osteosarcomata as being accom- 
panied by eosinophilia, but the evidence is as yet fragment- 
ary. 

3. Myelocytes. — Reinbacli's case just described had a low per- 
centage of myelocytes. 

The following cases illustrate the same point : 

Case I. is a case of sarcomatosis in a man in whom sarcoma- 
tous nodules were distributed all over the internal organs and in 
the skin. A differential count of 700 white cells showed in his 
case: 

Typical myelocytes (over 15/i) 2 per cent. 

Small myelocytes (under 15^) 5 M 

Lymphocytes 22 u 

44 Polynuclear neutrophils" 70 u 

Eosinophiles 1 " 

The autopsy showed no special lesions in the spleen, glands, 
or bone marrow, except those due to the sarcomatous nodules. 

1 The full counts are as follows : 



April 4th, 1808. 

Red cells 5,896,000 

White cells 120,000 ( ! ) 

Haemoglobin 60 per cent. 



May 80th, 1888. 

Red cells 4,512,000 

White cells 52,000 

Haemoglobin 55 per cent. 



DIFFERENTIAL COUNTS. 





April 4th. 


May 1st 


May 20th. 


May 26th. 


Poly, neut 


Percent 

48 

48 
2.7 
1 


Percent 
51 
46 
2.82 

.as 


Per cent. 
55 + 
42 
1.5 
•64 


Per cent. 

51 + 

44 + 

8.2 


Eosinophiles 


Lymphocytes 


Myelocytes 


.8 
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Case II. — Sarcoma of abdominal wall. Differential count of 
800 cells showed : 

"Poly nuclear neutrophilia" 84. per cent. 

Lymphocytes 10.8 

Large lymphocytes 5. " 

EoainophilcB 2 * 

Myelocytes 3 " 

Case HX (No. 2, Table XLV., A).— Six hundred cells con- 
tained: 

" Polynuclear tie utroph ilea" 71. par cent. 

Lymphocytes 16.3 " 

Eoeinopliilen 12.4 

Myelocytes 4 



Summary of Stood Changes la MaUynaut Disease. 

1. Small, alow-growing tumors and the early stages of nil 
tumors may have no effect on the blood appreciable by our 
present methods of examination. 

2. In advanced cases the red corpuscles often become thin, 
light, and pale, and finally their number may be greatly de- 
creased, the counts running sometimes as low as in pernicious 
awemia. In this respect, as in others, sarcomata seem to in- 
jure the blood more than cancers. 

3. The color index is always below 1, but is rarely as low as 
we find it in severe chlorosis. 

4. Normoblasts and megaloblasts (the latter being in the 
minority) may occur, the former even in the absence of severe 
antenna. Deformities in size and shape are common. 

5. Leucocytosia is preaent in the cachectic end-stages of 
many cases, but ia frequently abseDt in small tumors of slow 
growth and without metastases. The adult cells are often rel- 
atively increased. 

6. Fibrin is not increased. 






fitay noetic Value. 

1. When we are dealing with an obscure, deep-sent. <\ dis- 
ease, if hemorrhage is excluded, the presence of persistent lenco- 
c.vtosis suggests suppuration or malignant disease (rathe* than 
tuberculosis or syphilis, for example), and excludes any simply 
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functional or hysterical affection. The absence of leucocytosis, 
however, does not exclude malignant disease, though it makes 
suppuration very unlikely. 

2. Between malignant disease and suppuration — if the other 
signs and symptoms do not decide — there may be nothing in the 
blood to decide. In decided pyaemia we may get pyogenic cocci 
from the blood by culture, but a negative result would not ex- 
clude the suppurating focus. 

The absence of any increase of fibrin in the blood speaks 
against suppuration, and therefore in favor of malignant disease ; 
but the presence of increased fibrin network is not decisive either 
way, as it may be met with in connection with neoplasms, 
though more common in suppuration. 

3. Between malignant disease and hemorrhage — a marked 
anaemia favors the latter, provided the case is a recent one; for 
the anaemia of malignant disease is comparatively slow to develop. 
The leucocytes give no help. 

4. Between cancer and ulcer of the stomach, if there has been 
no recent hemorrhage, leucocytosis favors cancer; but its absence 
is of no weight either way. 

The haemoglobin is said to decrease steadily in cancer, while 
in ulcer it tends to return toward normal after the cessation of 
hemorrhage. 

The presence and persistence of digestion leucocytosis 
speak against cancer, and its absence in favor of cancer. It 
must be remembered, however, that any variety of catarrh or 
dilatation (should such be present) can also prevent digestion 
leucocytosis, and that the latter is not invariably present even in 
health. 

5. Between cancer of the liver or bile ducts on the one hand 
and simple gall-stone colic or gall-stone obstruction, the presence 
of leucocytosis favors cancer. As usual, however, its absence 
does not exclude cancer, and we must bear in mind that gall 
stones with cholangitis may raise the leucocyte count as much as 
cancer. Simple cysts or echinococcus cysts cause no leucocy- 
tosis, nor does syphilis of the liver. 

6. The appearance in the blood of large numbers of eosino- 
phils, myelocytes, and nucleated corpuscles during the course 
of a malignant disease points to a bone metastasis. 

7. When a leucocytosis which has disappeared after removal 

21 
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of a neoplasm reappears, we may expect recurrence of the growth 
shortly. 

8. A steadily increasing leukocytosis in a case of malignant 
disease points to a rapidly growing tumor or to the occurrence 
of metastasis. 

9. Between malignant disease and pernicious ftn»mU the 
diagnosis rests on the following points: 

I. Color index low in malignant, apt to be high in per- 
nicious annmia. 

II. Leucocytes often increased in malignant, diminished in 
pernicious ammnia. 

m. Lymphocytes often decreased in malignant, increased in 
pernicious anaemia. 

IV. Average size of red cells often decreased in malignant, 
and often increased in pernicious anaemia. 

V. If nucleated red corpuscles are present the normoblasts 
are in a majority in malignant disease, and in a minority in per- 
nicious anaemia. 

10. The presence of leuoocy tosis is against the benignnees of 
any tumor. 

11. When no actual increase of leucocytes is present, an in- 
creased percentage of the adult variety among those present may 
have the same significance as a leucocytosis. 



CHAPTER XL 

BLOOD PARASITES AND INTESTINAL PARASITES. 

Examination for the Plasmodium Malabo and its Products. 

I. Time for Examination. — It is often stated that the organism 
is most easily found during the chill. But this is not the writer's 
experience. During a chill it is often difficult and sometimes 
impossible to find the organisms. Eight hours before or after 
a chill is a much more favorable time, although parasites have 
been found as late as forty -eight hours after the last chill. 
During the chill man}' organisms retire to the internal organs. 

The numl>er of organisms varies a great deal. In some cases 
they are present in every field of a one-twelfth immersion lens, 
while in others we mav find onlv one after an hour or more of 
patient search. In the majority of the cases occurring near 
Boston, it needs but a few minutes' search to find them if the 
blood l>e taken within twelve hours before or after a chill, and 
provided no quinine has been lately given. Occasionally in 
mild cases the organisms are very scanty ; and it may be almost 
impossible to find any. The quartan and festivo-autumnal forms 
of malaria are so rare in New England that I shall not attempt 
to describe the parasites found in them, but shall confine my- 
self mostly to the parasites of common tertian and double ter- 
tian fevers with which I am personally familiar. 

II. Method of Examination. — A slide of fresh blood is pre- 
pared as above described (pages 3-7) and examined with a one- 
twelfth immersion lens.' Lower powers should not be used, 
although in skilful hands they are often sufficient. Portions of 
the slide in which the corpuscles do not overlie each other should 
be chosen for examination. As we pass the slide along beneath 
the lens it is well to be on the lookout for any specially large 
or specialty pale corpuscle. Such a one will catch the eye if we 

1 In cold weather both slide and cover should be warmed before using. 
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are on the watch for it, even though the slide is being iiassed 
along very rapidly, and all such should he carefully examined. 

Another thing to watch for is anything black or '.lark brown. 
If the slide is not i>erfectly clean, or if the cover-glass him 
touched the skin in collecting the blood, there will often he block 
spots which make us pull up short and examine, only to find 
that they are hits of dirt. This loses time, and hence, as above 
noted, the importance of care and cleanliness in the earlier stages 
of the process. 

Besides any strikingly pale or swollen corpuscle or any black 
dots, we should be on the lookout for any movements in the 
field. Here again cleanliness saves time. In dirty slides I 
have repeatedly found rapidly moving organisms unknown to 
me but clearly not the malarial orgauism, and wasted time in 
making sure that they were of extraneous origin. 

III. Tte Material Organism.— {a) "Hyaline Forms." In the 
earlier stages of its growth, i.e., daring and soon after the chill, 
the organism is not pigmented, hut appears only as a light spot 
in the pale greenish-yellow of the corpuscle. It rrra fftft l Jlj 
is never to he seen outside the corpuscle. All malarial or- 
ganisms are to be found within the corpuscle, and onhj {fan . 

For those who have not examined many specimens of malarial 
blood it is a very difficult thing to find the organism at this singe 
of its growth, and the number of mistakes iu diagnosis is very- 
large. 

In the later stages, when the organism has become well pig- 
mented, there is nothing that at all resembles it, and those who 
have seen and watched it a few times can hardly mistake any- 
thing else for it. Not so with the so-called " hyaline" or young- 
est form of the organism. Personally I think the name " hyaline 
bodies" is responsible for a part of the mistakes. We are led to 
expect something more shiny and retractile than the organism 
really is, and so are misled by the brilliant white circles to be 
found at the centre of many normal corpuscles under certain 
conditions of light and partial drying up. Time and again I 
have been asked to look at malarial organisms (always the 
"hyaline" forms), and found nothing more than one of these 
effects of light which can be found in any normal blood, il the 
conditions are right. There are certain marks by which we can 
exclude these artifacts from consideration : 
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I. They are generally far too numerous to be malarial or- 
ganisms. One usually rinds a dozen or more in a field which 
would be almost unheard of with the Plasmodium malaria?. 

II. They are generally in the centre of the corpuscle, while 
the young malarial organism is almost never at the centre. 

III. They are almost invariably round, the malarial organism 
being generally more irregular and branching. 

IV. They seem to increase and diminish in size as we focus 
up and down upon them, while the malarial organism only grows 
dimmer or clearer. 

V. They are, as before mentioned, more brilliantly white and 
shiny than the malarial organism, which has often a faint tinge 
of yellow, although much paler than the surrounding corpuscle 
substance. 

VI. Their edges are sharper, the malarial organism often 
fading off very gradually into the corpuscle color. 

VII. Their movement is different. The malarial organism 
is uot at all the only thing to be seen moving in the blood, as 
has sometimes been stated. The red corpuscles have the Browu- 
ian motion, and as they begin to crenate often move very actively. 
But their motion is very different from that of the hyaline 
malarial organism, for the latter changes both its shape and its 
position in the corpuscle quite rapidly, while the motion of the 
light space in an ordinary red cell is a wavy undulation of the 
outlines back and forth without any considerable change of 
shape. 

(/i) As soou as the organism gets any pigment (and there are 
very few times in the cycle of a malarial case when there are not 
some pigmented organisms present), the active rapid motion of 
the black pigment dots is unlike anything else seen in the blood, 
and when once recognized can never be forgotten or mistaken. 
It is only when the pigment has ceased moving (owing to the 
death of the organism) that the differentiation between dirt and 
malarial pigment becomes difficult. 

Sometimes it is really difficult to distinguinh motionless pig- 
ment m a malarial organism from dirt even on careful scrutiny. 
The best way is to get a fresh slide when the pigment is in 
motion. 

To any one fairly familiar with the appearance of pigmented 
forms of malarial organisms, failure to find them in & case of 
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malaria is due generally (1) to too thickly spread a Inver of 
blood, the corpuscles overlying Bach other; (2) to not looking 
long enough (Figs. 19 and 20). 

I have not attempted to go into the marks by which we can 

• • • o 
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Flit, IB — Tlii> Parutt* of Tertian Fo.nr. 1, Normal ml call ; 2. hyuliue Iitiu ■■' ■ 

|«rMit>? ; a, *. ft, (iCpiiBU(«l hiraia of malarial iianutlt , H, I. mcmetitllig forma of ma. 
iartal paraalte ; f, 0, dFtfeneraUiig forma of malarial parasite ; 10, naicrllai* [i.rm of 
malarial [laraalto. (AftorThaypr.) 

differentiate the tertian, quartan, and fostivo-autumnal forma of 
the organism— for clinical evidence usually suffices to determine 
this point. For information on this and all the finer points in 
regard to the life history and habits of the organism W, 8. 



-^ 



Fia. » — Tlie Paraalin i 






Thayer's admirable monograph should be consulted. Here it 
is sufficient to say that as the paroxysm draws near, the pig- 
ment grannies begin to work in towards the centre in radiating 
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lines until they are all collected in a solid black mass. While 
this is going on, the pigment granules not infrequently gather 
into short rod-like masses not at all unlike bacilli. 

Bound the central mass of pigment, indistinct radiating 
divisions may sometimes be seen just before the organism breaks 
up. These divisions have been compared to the petals of a 
flower, but it is very difficult to see more than the faintest indi- 
cations of such an arrangement in most specimens. The cor- 
puscle itself is by this time wholly lost to sight. 

(c) The next stage, that of segmentation, is less commonly 
seen than those just mentioned, and is only to be satisfactorily 
observed by using a warm stage (vide 8u-pra, page 8) and spend- 
ing considerable time on the watch for it. Around the central 
pigment mass we may sometimes seo in ordinary specimens 
(without warm stage) the faint outlines of a group of small 
spherical, colorless bodies (vide Fig. 2, 9, Plate I.) which are 
the new generation of young organisms. 

Now we should expect that with the next step in the process 
we should find these young plasmodia free in the plasma or en- 
tering a fresh set of red corpuscles. But in the peripheral cir- 
culation this is rarely if ever observed. Thayer in his immense 
experience has never seen them. The next evidence we have of 
the organism is as a " hyaline" body inside the corpuscle again. 

Almost all stages of the growth of the plasmodium which 
we can watch in the blood drawn from the peripheral circulation 
take place within the corpuscle. It is true that as the pigmented 
organism gets towards its full growth, and before the granules 
have begun to gather at the centre, we may find it very difficult 
to find any trace of corpuscle substance around the margin of 
the plasmodium. Sometimes we see a ring of non-pigmented 
glistening white substance outside the moving black dots (see 
Fig. 2, 7, Plate I.) standing out light against the darker plasma. 
Whether this be corpuscle substance or not I do not know. It 
is not described or pictured in the standard works on the sub- 
ject. 

Occasionally we do find pigmented bodies wholly outside 
the corpuscle, either partly or fully grown. In the intracorpus- 
cular forms the distinction between plasmodium and corpuscle 
substance is not, I think, so sharp and clear as one would be led 
to expect from the plates in standard works. With average eyes 
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and lenses tlie outline of the organism, as distinguished lxitli 
from its pigment granules and the surrounding corpuscles, in 
not easy to see. It is the moving pigment granules that uttr.-u t 
oar notice. 

(ci) It remains to speak of tliree comparatively small points: 

1. The presence of tiagellft. 

2. Pigmented leucocytes. 

3. Crescents. 

1. Toward the end of the life history of a malarial parasite, 
it sometimes makes its presence very obvious in the microscopic 
Held by knocking alxmt the surrounding corpuscles with its arms 
or "Jfogdln." Exactly why and under what conditions it shows 
or fails to show these appendages is not known. They are 
about two or three times as long as a red corpuscle and oue- 
third or one-fourth as wide. They are usually to be inferred 
rather than directly seen, as they are nearly transparent. Oar 
attention is attracted by an active motion among a group of red 
cells apparently of spontaneous origin. Gradually we make out 
a filmy whipdiko tail attached to an adjacent malarial parasite. 
Sometimes there is pigment dotted along the flagellum itself, and 
then we can make it out much more easily. Its distal end is 
especially apt to Ixi pigmented, and by the help of this pigment 
we make out that it is bulbous, while similar swellings can some- 
times be seen at other points along the flagellum. Such a ilagel- 
lam may break off and dart about free among the corpuscles. As 
the pigmented end is sometimes all that we can see of it, this 
gives rise to the appearance of a very Bmall, tiffin hj looomoHM 
pigmented body free among the corpuscles and its course may 
be followed through several fields. 

When the flagella have ceased moving, their presence is g 
erally detected, if at all, by an irregular line of pigment dots 
about '20 /i long, which will Ije shown by careful focussing to be 
contained within a nearly transparent membrane. 

Very often we find a leucocyte in process of closing round 
the flagellated parasite. 

2. Pigmented leucocytes, containing the whole or part of 
malarial organisms or simply blocks or granules of black pig- 
ment, are usually to be found in the blood near the time of the 
chill. The pigment is to be carefully distinguished from the 
granules present in most leucocytes, which in certain lights look 
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quite dark even if unstained, dark enough to be mistaken for pig- 
ment by the untrained eye. Careful focussing and changing the 
light will easily determine which we are dealing with, provided 
we are familiar with the appearances of leucocytes in the fresh 
unstained blood. In certain forms of the disease in which the or- 
ganisms themselves retire to the internal organs, the presence of 
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Fio. 21.— The Parasite of ^Estivo- Autumnal Fever. 1, Hyaline form ; 2, ring-like form in 
shrunken cell ; 8 shows retraction of haBuioglobin about the parasite ; 4, 5, develop- 
ment of parasite ; 6, 7, segmenting parasites ; 8, 9, crescents ; 10, ovoid body ; 11, 
flagellate form. (After Thayer. ) 

pigmented leucocytes may be the only evidence of the disease to 
be found in the peripheral blood and is therefore of the greatest 
importance. 

3. Crescentic forms are not often seen in New England. 
They are found only in the sestivo-autumnal forms of malaria 
which occur chiefly in the South and West and have been seldom 
reported in any Northeastern State except in patients who have 
brought them from the South and West. I have never seen these 
crescentic forms except in the stained specimens of other obser- 
vers, and my ideas of them are mostly second-hand (Fig. 21). 
Full account of them will be found in the monograph of 
Thayer's above referred to. 

Hitherto I have spoken wholly of the appearance of the par- 
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asites in the fresh uustniiied blood, this I>eing by far the simplest. 
easiest, and surest way of finding theni and the only way of 
studying their development. In cases in which we en mint make a 
microscopic examination at the bedside, ve cau Bdraet 
serve the organism alive between slide and cover-glass., until 
we can get it to the nearest inicrosco]je, even if this takes sev- 
eral hours. I have carried sjM.'cimons in my handbag a whole 
morning and yet found the pigment of the malarial parasite in 
motion at the end of that time. Warm weather favors lhi_-*. 
When it is necessary to keep the specimen some time before 
examination, it is best to paint on the slide a ring of vaseline or 
any gummy substance, and allow the drop of blood to spread out 
inside this ring sn that the margins .if c<a<\- 
the slide by the oily snbstauce and the entrance of air is pre- 
vented. The cedar oil ordinarily used for immersion lensfs 
answers the purpose very well. Both slide and cover should lw 
gently wanned before spreading the drop of blood. 

Many physicians who cannot possibly carry a microscope 
about with them can easily find room for a few slides and cover- 
glasst's and the> may lie of groat service. 

When specimens have to lie Bent by mail, or for long dis- 
tances, or in cold weather we have to fall back on dried speci- 
mens prepared as described on page 32, provided always that a 
bedside examination is impossible. These can l>e stained bj 
one of the following methods: 

Leave the si*ecimeu for half an hour or more in equal parts 
of ether and absolute alcohol, dry them in tho air, stain Im 
from one-half to five minutes in a one-half- per-cent solution of 
eosin in sixty-per-ceut alcohol, wash in water, dry and statu 
one -half to one minute in concentrated watery solution of 
methylene blue; wash again in water, dry in filter paper, and 
mount in Canada balsam. 

Personally I have found this method rather uu satisfactory on 
account of the different intensity of different eosin stains and 
the consequent need of finding out by experiment how h.ng 
(within the limits of one-half to five minutes) the specimen is to 
be stained before a distinct yet not violent red color is at- 
tained in the protoplasm of the corpuscles. The blue stains 
the plasmodium itself in contrast with the pink corpuscle 
substance around it; the pigment granules remain, as in 
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the fresh specimen, black or brownish black. (See Fig. 3, 
Plate I.) 

In my hands the stain of Plehu has proved much simpler 
ami more satisfactory as well aa quicker. By this method we 
leave the specimens only three or four minutes in almlute 
alcohol and then stain five or six minutes in the following 
mixture: 

Concentrated watery solution methylene blue 00 

One-half- per- cent solution of eosin in seventy -five- per- 
cent alcohol 3(1 

Distilled water 40 

Twenty per cent NaOH 13 gtt. 

Wash in water and mount in Canada balsam. 

The trouble of double staining and the uncertainty as to the 
length of time are avoided by this solution, and the parasites are 
beautifully stained. The ordinary 
Ehrlich-Biondi mixture may also _ mt ^ 

bo used to demonstrate pigmented K3 ff^ 

forms. The organism itself does ^• r ff^ 

not stain at all with this mixture 
I nit stands out light against the 



of the corpuscle, the pig- 
incut looking as it does in the live 



parasite. The hyaline forms need C. 'J--. 



% 



Fio ltt 



other stain for satisfactory re- 
cognition, but it is sometimes con- 
venient to use the same stain for 
the differential count and the ma- 
larial organism, as for instance 
when we havo only one cover-glass 
preparation in a case of doubtful 
diagnosis. Fixing the specimen in 

alcohol and ether is here far better than heat; otherwise the 
technique is as above described under Triple Staining (page 33). 
The general appearance of the organism so stained is shown 
in Fig. 22. 

If the organisms axe fairly numerous and the technique is 
good we can find them by this method even in preparations 
months old. In general, however, it is very inferior to the ex- 
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animation of the live organism in tho fresh blood, and gives 
many more chances for error. 

So much for technique. 

We often hear reports of fruitless search for the parasite in 
the blood of malarial patients, but the regularity with which 
they are found at all the larger hospitals and by all practised 
observers in this and other countries leaves no doubt thai 
are to be fouud in every case during some portion of the 
The practice of taking blood during a chill contributes, f bed 
to the number of unsuccessful endeavors to find the nrganism : 
as mentioned above, this is the worst, not the best time to look 
for them. Too thick a layer of blood between slide and cover 
accounts for some failures, as I have found in personal experi- 
ence. 

No doubt, in many cases in which we fail to find the orgnn- 
ism in su pposed malaria a faulty diagnosis is the reason. Maoy 
of the cases in which latent malaria is supposed to have " come 
out" after a surgical operation are exploded by the negative 
examination for parasites and the positive indications of pus- 
pocketing which are afforded by a marked leucocytosis (never 
present in simple malaria), and the fact of insufficient wound 
drainage is often disclosed in this way. Whenever we see the 
leucocytes increased we begin to doubt the existence of an un- 
complicated malaria; if, furthermore, we see no signs of any pal- 
lor of the corpuscles we doubt the presence of malaria still more, 
as there is no more rapid deglolmiarizer than the malarial or- 
ganism. 

How long after a chill the organisms may still be found in the 
peripheral blood is difficult to decide, but certainly they can 1» 
found any time within twenty-fonr hours after the last chill, 
unless quinine has been given, and sometimes even if it has been 



Other Changes en the Blood. 

Red Corj>tt8cle8.~Thii following is from Thayer's remarkable 
monograph : 

" A reduction in red corpuscles follows each paroxysm ; these 
reductions are more marked after the early paroxysms than after 
those occurring later. When a certain degree of anaemia has 
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been reached Hie losses per paroxysm are much less. "When 
the number of corpuscles is reduced to 2,000,000 or 1,000,000 
there is little tendency toward a further fall; sometimes there 
may be slight rises in the curve between the paroxysms ; often, 
however, the number of corpuscles remains stationary for 
weeks. 

" In pernicious cases the number of corpuscles may fall l>e- 
tween paroxysms." KeUch has seen the count decrease to as 
Binall a number as 500,000 per cubic millimetre. The diminu- 
tion is greater the longer the disease lasts and the more in 
tense its manifestations. 

During the paroxysms, particularly the earlier ones, the red 
cells tend to increase in number. 

In tertian and quartan fevers there is a rapid and almost 
complete restitution of the corpuscles during the afebrile 
period. 

Iu asstivo-autumnal fevers the number of red cells bears a 
direct ri'liitiuu to the number of organisms. Cresceutic bodies 
seem to have no influence on the number of red cells. 

When after a paroxysm the number of corpuscles has heen 
greatly diminished the succeeding paroxysm may be followed by 
a slight reduction only or even by an increase. 

Bignami and Dionisi distinguish three types of post-malarial 
antenna: 

1. Ordinary secondary antemia, but with leucopenia instead 
of leucocytosis; such cases usually recover. 

2. Anremia practically identical with pernicious anremia, 
megaloblasts being present, and ending fatally. 

■i. Anamias which are progressive, because the bone marrow 
cannot compensate for the losses of corpuscles. 

The rapidity of the diminution in red cells may be very great. 
Kelsch's count of 500,000 cells per cubic millimetre, mentioned 
above, was after thirty days* illness. Grawitz hits seen a loss of 
4,000,000 cells in bix days. 

Qualitative changes are those of severe secondary anaemia, 
deformities in size and shape, normoblasts, occasional megalo- 
blasts in the worst cases, motility in the "pale, ghostly" cells. 

Ihrmnijluhiii . — The loss of hremoglobin bears usually a direct 
relation to the number of parasites in the blood. As a rule, the 
corpuscles and brciuuglobin are diminished proportionally (color 
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index =1) but sometimes the hsBmoglobin is reduced dispro- 
portionately. 

Tn convalescence the restitution of haemoglobin is* often in- 
complete; persons living in malarial districts Imve often a 
slightly smaller percentage of hsmoglobin than those liviug 
elsewhere. 

The rapid diminution in hemoglobin ih a valuable point in 
differential diagnosis between malaria and typhoid or pneu- 
monia. 

White CeU$. — The number of leucocytes is usually subnor- 
mal, but show a slight increase at the beginning of the. par- 

ii\\siii i'dlliiuni- lliis incr-M.-Ji' tliiTu is ;i ]-:ii>id il ■■■ 

tinuiug throughout the paroxysm. The small numWr of 
leucocytes is to l>o seen at the end of the paroxysm win 
temperature is subnormal. From this time it shows a gradual 
increase until the beginning of the nest attack (Billings). 

In a general way the white cells follow the same course as do 
the. red. 

The differential count shows a lymphocytosis whenever the 
white cells are subnormal, the larger forms of young Delta hnlllfl 
especially numerous, while the adult cells and eosinophil*'*} a 
Bcanty. 

In four cases of poet-malarial anspmia Billings found ignite 
marked leucocytosis. 

The occurrence of pigmented leucocytes has already !*.<en 
mentioned. 

Grawitz and others have noticed an increase ol noanopkj 
in post-malarial anaemia. 



FILARIA SANGUINIS HOMINIS 

Although most commonly found in tropical countries, one 
species of this worm is not very uncommonly found in various 
parts of the United States. Any case of chylous urine or ele- 
phantiasis should lead us to make a careful examination of the 
blood for the filaria. There are at least four species of filaria, 
one of which is present in the blood chiefly at night, another 
chiefly daring the daytime, and another continuously. Only tb* 
Jilnria tirtchtrna has thus far been seen in America (Fig. 2iip. 

In examining for the filaria a slide of the fresh blood ii 
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paced in the usual way, bill nfirr s.-;;u ,i,-h-,i-k in lie evening, ' and 
examined tit once. The embryo of this parasite (which is what 




or lb* embryo 



a red cell, and about the width o[ a red corpuscle. Seen in the 
blood it retains its vitality aud motile twwer for a considerable 

1 In peremia who sleep in the daytime and work at tilgbt the habits of 
the filaria nre said to become reversed, so that it appears iu Hie peripheral 
circulation chiefly in the daytime, and in to he looked for then. 
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time, so that its motions may continue a week, or man 1* ■ 
slide and cover-glass. Cold lias little effect upon it, even freez- 
ing temperature failing to do more than make the movements 
slower. 

A distinction can generally be made out between the embryo 
proper and its Hbeath (see Fig. 24). From this sheath tl»> 
embryo escapes when in the blood of the mosquito, which insect 



Fin. B.-TUe Mi 




acts not infrequently as intermediary host and conveys the para- 
site indirectly from man to man through the medium of water. 
After sucking in the organism with the blood the mosquito Ltis 
its eggs and dies in some neighboring pond or stream whence the 
filaria again gains access to men. 

It is a long, slender, snake-like, gracefully shaped worm, and 
when alive its activity is so great that measurements and obser- 
vations of its structure canuot be made till it is paralyzed by 
Approaching death (Fig. 25). 

Posteriorly it tapers for one-fifth its length down to a very 
sharp point. The extreme end of the tail often looks as if i 
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ticulated, for it does not harmonize with the general curve of 
the body, but lies bent at an angle. Toward the head it tapers 
very slightly and when alive a " pouting" movement as if of breath- 
ing can be seen at its very extremity. About the middle of the 
body a granular aggregation can be made out along the central 
axis of the animal. Except for this granular portion the para- 
site is so translucent that it is not easy to make it out at first. 




Fio. 28 -IlesU of Filar la. SUoi 



fag grjizitiUir clegene ration. MagnS- 



The distinction of body and sheath mentioned above, appears 
as a " clear space" at each end of the body (vide Fig. 24) 
After the motions have ceased it becomes darker and traces of 
transverse striation may be seen (Fig. 26). 

It has no locomotive power and confines itself to wriggling in 
the same spot. Saussure' says he has watched them " fighting 
with each other for hours." 

The head of the til aria is said by some authorities to be sup- 
plied with feelers or flagella, and Manson describes what he calls 
a "cephalic armature" or fang (Fig. 27). 
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The same organism can sometimes be found in the chylous 
urine, but not every case of cbyhiria is due to the filaria san- 
guinis hominis. In a considerable proportion of cases no soch 
organism is to be found. 

Henry {Med. Newt, May 2d, 1896) succeeded in staining the 
parasites intra vitam by giving the patient considerable doses 
of methylene blue internally for some weeks. Only a faint 




bluish tinge was imparted, however, to the organism by tbi-s 
method. 

For finding the parasite it is beBt to use a low power, not i 
immersion lens, and the whole of several slides should be looka 
over. 

Specimens can be dried aud preserved [or staiuiug provide* 
we do not heat them over a lamp or pass them through a f 
Manson' Btains with eosin and mounts in "glycerin jelly" 



Several other S]>ecies have been observed in England 
'The "Filsria Sanguinis Homiuis," by Patrick Manson, M.D.. Amor, 



SPIROCHETE OF RELAPSING FEVER. 

negroes from the Congo Kiver, but not hitherto in America. 
But as it frequently is to be found in persona who Lave i 
symptoms whatever, it may well be that some of these other 
species would be found here if one took the trouble to seek out 
natives of Southern China (one out of every ten of whom carries 




about tl>- til aria ia his blood), or of Central Africa, or other 
tropical reginus. 



SPIROCHETE OF RELAPSING FKVKK. 

During the febrile paroxysms of relapsing fever, aud for 
one or two days before them, Obermeyr mid others have found 
constantly present in the peripheral circulation a parasite whose 
length averages about six times the diameter of a red COXpOMfo 
Even under high-power lenses it is a mere thread in width, 
curled upon itself like a corkscrew and actively motile, so that 
in examining the blood with a low power we get "a peculiar 
impression of disturbance" among the red oelh. 

The number of twists in this spiral-shaped organism varies 
a good deal, and one of its motions consists in contracting and 
extending itself like a spiral spring. It can thus multiply its 
own length three or four times. It has also a delicate, wavy, but 
rapid motion along its long axis. The whole thread, or a part 
of it only, may have these motions. Further, the whole parasite 
has power of locomotion apparently independent of the currents 
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in the blood plasma of a slide ami cover-glass specimen. It* 
locomotion is slow compared to the movements abo\.- i 
Particularly in the blood post mortem they me apt to »inv 
themselves into each other so as to seem much larger than tb. 
actually are, and sometimes a large "nest" of them may look 
like a leucocyte, except for the fine, wavy threads which m| 
be seen in motion at the periphery of the mass. 

The number present in the blood is very much smaller at (lit 
beginning of a paroxysm than after the second day. 1 1 
first few hours of a febrile period Mocyntkowsky could find only 
one spirochete in ten or twenty microscopic fields, while lutei 
on he saw twenty or thirty of them in a single field. There arv 
usually more parasites with each successive paroxysm. 

Blood taken from different parts of the body often shown a 
great difference in the number of organisms to be found. The 
life history of a single parasite seems to be very short, but they 
multiply with the greatest rapidity. Albrecht has seen (Ih-ih m 
increase within six hours that whereas at first he saw only a 
few in the whole slide he later found many in each field. Aa 
the spirochete dies, ita movements get languid and finally ii 
breaks up into small granular bite (spares-?). 

Between paroxysms the spirochetes are not found, but there 
are to be seen peculiar highly refractile globules compared by 
v. Jaksch to a diplococcus. The latter author believes tlint he 
has seen these develop into the spirochete at the beginning o) 
a paroxysm and hence believes them to be spores. 

This spirochete is found in all cases of relapsing fever awl 
in no other known disease, so that like the Plasmodium malaria; 
it is pathognomonic and of the highest importance. 

An (em i a and leucocytosis are among the secondary results ol 
the presence of this parasite in the blood. 

A certain resemblance has l>een noted between the spirochete 
and a free flagellum broken off from a malarial parasite, bat tbt 
clinical history and the presence or absence of other evidence ol 
malaria in the blood would easily decide the question of diag- 
nosis. 

Technique of Examination, — As in looking for the malarial 
organism it is best to examine the blood fresh between a slid* 
and cover-glass (ride mipra, page 7i and to use an oil imui.-r 
Bion lens. In dried specimens the organism can be stainet 
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with fuchsin, but it is much more difficult to recognize than in 
the fresh blood. 

DISTOMUM HAEMATOBIUM. 

Bilharz found this parasite post mortem in the large internal 
veins (portal, splenic, mesenteric, etc.), but as it has never been 
seen in the peripheral circulation its clinical importance is thus 
far nil. 

BACTERIA IN THE BLOOD. 

(a) Cover-Glass Specimens. — Bacilli of anthrax, tuberculosis, 
glanders, grippe, typhoid fever, and tetanus have been demon- 
strated in the blood of human beings as well as have the pyo- 
genic streptococci and staphylococci, the diplococcus lanceolatus, 
the gonococcus, and the bacillus coli communis. Nevertheless it 
is exceedingly difficult and frequently impossible to find them, 
and no considerable practical use has as yet been made of the 
cover-slip examination of blood for micro-organisms. 

Gunther's method is an excellent one. Cover-glass speci- 
mens of the blood are prepared as above described (page 32), 
and left a few seconds in five-per-cent acetic acid to render the 
red cells invisible ; the acetic acid is then shaken {not washed) off 
and the cover-glass held over the mouth of a bottle of strong 
ammonia water to neutralize the remaining acid. The covers 
are then stained with the Ehrlich-Weigert solution, 1 mounted in 
balsam, and examined with a one-twelfth immersion lens. 

(b) Cultures (see above, page 36). 

AM.EMIA DUE TO INTESTINAL PARASITES. 

The bothriocephalus latus, ankylostoma duodenale, and a 
few other parasites are capable of producing by their presence 
in the intestine a very severe anaemia, which may be indistin- 
guishable from pernicious anaemia. As yet no such case has 
been reported in this country, but Askanazy* and Schaumann* 

1 To 6 c.c. of distilled water add ten drope of aniline oil and filter. To 
the filtrate add a saturated alcoholic solution of gentian violet till slight 
(transient) turbidity appears. On the surface of this solution in a watch 
glass float the cover-glass face downward for twenty-four hours. 

* Vereins-Beilage der Deut. med. Woch., 1895, Bd. 148. 

3 " Bothriocephalus- Anaemia, " Berlin, 1894 (Hirachwald). 
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have carefully studied the disease in Germany and found tha 
the blood may correspond exactly with that of pernicious ana 
mia, including the presence of high color index and of a major 
ity of megaloblasts among the nucleated red cells present. Te 
such cases may be rapidly and permanently cured by expellini 
the parasites from the intestine. No special description of th 
blood states need be given, as they present nothing peculiar. 
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CHAPTER XH. 

THE BLOOD IN INFANCY. 

I. All the signs by which sickness is shown in (lie blood of adults 
are exaggerated in children. Their blood is apparently more 
sensitive to the action of any morbid influence. Causes leading 
to but slight anaemia or leucocytosis in the adult, produce grave 
ansemia and very marked leucocytosis in children. Into the 
reasons for this I shall not attempt to enter. The increased 
toxicity of their serum compared to that of adults, and the rela- 
tively recent establishment of the functions for producing and 
destroying blood have been suggested as explanation. 

Comparatively slight hemorrhages, gastro-intestinal or re- 
spiratory disorders, which would not impoverish an adult's blood 
may produce considerable ansemia in a young child. 

II. All forms of ansomia in infancy are apt to be associated 
witli enlarged spleen. 

EH. I have already alluded to the polycy thsemia and leucocy- 
tosis of the new-born, and the gradual fading out of these rela- 
tive abnormalities as the child grows up. In judgments as to 
the presence or absence of leucocytosis in infancy, these physio- 
logical variations are too often lost sight of, especially as the 
proper leucocyte count for any given infant depends not simply 
on its age but on the backwardness or forwardness of its develop- 
ment. As with the fontanelles, the growth of the blood toward 
adult conditions may be retarded by congenital weakness (infan- 
tile atrophy, marasmus) or inherited disease (tuberculosis, syph- 
ilis) as well as by acquired sickness (rickets, cholera infantum)'. 

Under the influence of anv of these drawbacks a sick child's 
blood may lie no further developed at three years than that of a 
healthy child of eighteen months. 

IV. When we remember that in early infancy the leucocytes 
differ from those of adults not only in number but in that the 
young leucocytes are relatively more numerous ( a lymphocytosis 
of infancy"), we shall understand that any influence like rickets 
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or syphilis which retards development, will show lymphocytosis 
together with the increased leucocyte count. Qualitatively as 
well as quantitatively the blood reverts to a more infantile con- 
dition. 

V. This shows itself not merely in the leucocytes but in the 
red corpuscles. During the first days after birth the infant's 
blood shows greater variations in size and shape than that of 
adults, as if the tyj>e were not yet quite fixed. The majority of 
authors also find a few normoblasts in the first few days of life. 
These are not invariably present, doubtless because in some 
children the blood at the time of birth is more developed than 
in others. 

Under pathological conditions the red cells revert to this 
earlier type and deformed or nucleated corpuscles are plentiful. 
This is more marked than in anaemia of the same grade oc- 
curring in adults. An aniemia that shows but thirty nucleated 
erythrocytes per cubic millimetre in an adult might show ten 
times that number in a child. 

VI. As we said before, all blood changes are exaggerated in 
infancy. This includes such physiological changes as the diges- 
tion leucocy tosis or that following cold bathing as well as patho- 
logical leucocytosis and aniemia, and changes in the degree of 
dilution or concentration of the blood seem to be similarly exag- 
gerated, as is seen, c.tj., in the physiological variations in the 
specific gravity of the serum (Hock and Schlesinger 1 ) . 

VII. The h<rmof/1oh!n, though relatively high at birth and 
for the first few weeks, is lower than that of adults during 
the rest of childhood. The high percentages of the earliest 
weeks are not due to a polycythemia, but to a genuine in- 
crease of hemoglobin in the individual cells (Schiff 3 ), color 
indexes being often over 1. 

It is indispensable, therefore, that we should know the age 
and degree of development of a child before we can draw accurate 
inferences from its blood. In many of the cases reported in lit- 
erature we are unable to judge whether the blood condition is 
pathological or not, because the age of the child is not given. 
For example, v. Limbeck 3 quotes a case of acute gastritis re- 

1 Hock and Schlesinger Centralb. f. klin. Med., 1891. 
* Schiff: Zeit. f. Heilk., vol. xi., 1890. 
8 v. Limbeck : loc. cit. % p. 873. 
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ported by Fischl ! as having an unusually high percentage of 
young leucocytes (59.4 per cent). But this is physiological in 
the first days of life and may have been so in this case, the age 
not being given. 

Observations of this sort should always represent a compari- 
son between the conditions present before and during the sick- 
ness in question. 

Bearing these general considerations in mind, we shall be 
better able to find our way among the complications and per- 
plexities of the blood conditions in infancy. 



THE ANEMIAS OF INFANCY. 

As above mentioned, anaemic infants are apt to have enlarged 
spleens. This may be due either to the anaemia or to some 
disease accompanying or underlying the anaemia (e.g., rickets, 
syphilis). It seems more probable that the hypertrophy is not 
directly or exclusively dependent on the anaemia, inasmuch as 
similar blood changes are found without splenic enlargement. 
By far the greater number of reported cases of severe infantile 
aniemia are accompanied or caused by such diseases as rickets 
and hereditary syphilis, both of which may cause splenic hy- 
perplasia even when no anaemia is present. It seems probable 
that the anaemia and the enlargement of the spleen are alike 
symptomatic of an underlying disorder. 

1. Some writers (e.g., Luzet') divide the anaBmias of infancy 
into two classes : those with splenic enlargement and those with- 
out it. Luzet considers that the former class is severer than 
the latter and more apt to show large numbers of nucleated red 
corpuscles than those with normal-sized spleens. This classi- 
fication, however, does not always hold. TVe may have very 
severe anaemia without splenic enlargement and splenic en- 
largement with slight anaemia, and the presence or absence of 
numerous nucleated red corpuscles is governed by conditions 
other than the size of the spleen. 

2. Another classification of children's anaemias was proposed 
in 1892 by Monti and Berggrun ( a Die chronische Anamie im 
Kindesalter," Leipzig, 1892). They divided the cases into 

1 Fischl : Zeit. f. Heilk., 1892. » Luiet : Diss., Paris, 1891. 
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the viild and the ijrave, each group being subdivided into those 
with leucocytosis and those without it. 



They rightly discard the term " splenic amentia," correspond- 
ing as it does to no single set of blood changes. The above 
classification puts pernicious aniemia, leukmmia, and anaemia 
infantum pseudoleukemia (v. Jaksch) in a different category. 

("I Mild cases of secondary aniemia show no deformities in 
the shape or size of the red cells. The color index may or may 
not be low. The cases with leucocy tosis are much more numer- 
ous than those without it and more apt to have a low color index ; 
in other words, the loss of corpuscle substance is greater and 
the cases are approaching the imaginary boundary between 
"mild" and "grave." 

(fr) The grave cases have poikilocytosis, and of coarse a 
greater reduction of corpuscle substance. 

u Chlorotic" conditions, and most but not all those witb en- 
larged spleen, come under this heading ; also most of those doe 
to hereditary syphilis, prolonged diarrhoea, and rickets. 

In 1894 Monti ' gave the following classified lists of the com- 
monest antecedents of secondary aniemia in infancy : 



1, 3. Other causes. 



He points out that case 
than those without it and i 



In t lie mother during pregnancy. 

From navel. 

Afl.'T' <ir< umcinion. 

Scurvy, purpura, haemophilia, Werl- 

hi>f ' s diabase, niehena. 

Bad hygiene (lark of light, air. « 
Post -febrile. 

Nephritis, diarrhoea, serous erTuaiol 
Syphilis. 
Rieketa, 
Suppuration. 

Diseases of liver, spleen, h 
{_ lymph gltinds, 

with leukocytosis are usually ^ruver 
ay develop into pernicious amentia; 
med. Woch., 1804. 
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also that the presence of leucocytosis does not point to malig- 
nant disease, suppuration, or auy of the causes which usually 
account for it in adults. 

Grave cases with leucocytosis in infants under twelve mouths 
are apt to develop into the aiuemia infantum pseudoleukemia, 
or into true leukiemia or pernicious anaemia. 

On the whole, the division of Monti and Berggriin seems 
much better than that according to the particular causes, e.g., 
"rachitic an&mia," "syphilitic anaemia," etc., for there is no 
particular set of blood changes that follows rickets, syphilis, OZ 
any other disease. In connection with various diseases of in- 
fancy, and particularly with those last named, we may have 
;Lii;t'itii:i. of any grade of severity from that reducing the red 
cells to 4,000,000 down to cases with only 500,000 red cells per 
cubic millimetre or even less. The worse the case is the more 
likely is it to be accompanied by leucocytosis and the more nu- 
merous will be the nucleated red corpuscles, always more numer- 
ous here than in aureinia of adults, 

In syphilis, hereditary or acquired, the red cells may fall be- 
low 1,000,000 aud the leucocytes may rise as high as 58,000 
(Loos). The haemoglobin may be proportionally diminished, 
or may be even lower than the percentage of red cells, so that a 
" chlorotie" condition obtains. 

Such cases have been called chlorosis, hut it seems better to 
confine this term to amentia of unknown origin and favorable 
course occurring in women soou after puberty, since obviously 
secondary cases may have similar blood. 

Rk&ttM in a case observed bj v. Jaksch caused a fall of the 
red cells to 750,000 and Luzet counted 1,590,000 in a similar 
case. The hemoglobin is usually low, but Hock aud Scliles- 
inger found (iO per cent with '2,300,000 red cell, a color index of 
1.2 +. 

Leucocytosis may occur even when no anaemia is present. 
Hock and Schlesinger found 45,000 leucocytes in a rachitic child 
of sixteen months, sound in other respects and not amende. 
Acute (jaslritls causes at first only leucocytosis (with iucreased 
percentage of young forms). If it liecomes chronic the n ■diu-tion 
of red cells is severe. Hay em found only 686,000 red oellfl pel 
cubic millimetre in an infant of two mouths, though recovery 
eventually took place. 
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Iii tuberculosis of lungs and peritoneum in a child of seven, 
Monti and Berggriin counted 8,330,000 rod and 17,200 white 

cells with 52 per cent of haemoglobin. 

Qualitative Changes. 

The exaggeration characteristic of all blood changes in in- 
fancy extends to the presence of nucleated red corpuscles, which 
in all forms of severe ameinia are very numerous. What h;w 
been described above (page 76) as the typical megaloblast, a 
large pale-stained nucleus in a very large cell (see Plate IV.), in 
relatively rare in infancy. The nuclei are almost always deeply 
stained whatever their size, and apt to be small. Dividing 
nuclei are very common, both by karyolysis and kary oki nests. 
These changes are most often found in the ancemias of the 
severest type and those which resemble leukaemia (see below, 
page 340), but may occur iu any marked secondary antenna. 
Polychroinatophilic and " degenerative" changes are very com- 
mon in severe cases. 

The increased leucocyte count, so frequently found, is often 
made up of a majority of the young forms (lymphocytes). This 
change, as above said, is not characteristic of rickets, syphilis, 
or any other cause of aniemia, but is to be regarded as a mark 
of the arrest of development or reversion to an earlier ty]>e of 
tissues hrought about by various diseases in early infancy. 
Sometimes the large lymphocytes and sometimes the small are 
in excess. 

A further qualitative change already alluded to (see above, 
page 104) is the occurrence of myelocyla, We have psh-h t3i.ii 
small i>ercentages of these cells are not uncommonly seen iu the 
aniemias of adults. Now this, like all other blood changes, is 
exaggerated in infancy. Myelocytes are more apt to appear and 
in greater numbers. Their presence is not characteristic of any 
one disease, but they are commonest in the severer types of 
secondary aniemia, such as those following syphilis and 
rickets. Their Higniricanee is about the same as that of nor- 
moblasts. At times, however, they are so numerous as to 
make us hesitate somewhat liefore we exclude splenic-myelo- 
genous leukemia. 

This brings us naturally to the discussion of ihr dificultjf ef 
distinguishing the different tihu-d t/i"emr$ in infancy, which untur- 
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ally centres in the question of the existence and nature of the 
so called 

"ANAEMIA INFANTUM PSEUDOLEUKj^MICA." 

Von JakschV decription of this disease (which he was the 
first to recognize) includes the following elements : 

1. Grave anaemia — e.g., 820,000 red cells per cubic millimetre 
in one case. 

2. Extensive leucocytosis — e.g., 54,660 white cells per cubic 
millmetre, in the same case. 

3. Great variations in the form, size, and staining of the 
white cells. 

4. Deformed, degenerated, and nucleated red cells. 

Von Jaksch admits that none of these blood changes are 
characteristic of the disease, but thinks that its title to the posi- 
tion of a distinct and separate disease rests upon clinical data, 
the more important of which are : (1) A great enlargement of 
the spleen without any such accompanying enlargement of the 
liver as is usually found in leukaemia (the lymph glands are 
sometimes enlarged). (2) A relatively good prognosis. (3) Post 
mortem we find no positive evidence of leukaemia. 

This description was given by v. Jaskch* in 1889. He stated 
the relation of white to red corpuscles as 1 : 12, 1 : 17, and 1 : 20 
in the cases seen by him. Later he reported three cases in one 
of which the white cells numbered 114,150, and the red 1,380,- 
000. The differential counts are not carefully given. 

Almost at the same time Hayeni' reported a similar case, 
and noted the abundance of nucleated red corpuscles many of 
which were undergoing mitosis. This was verified by Luzet * 
in May, 1891 {Arch. gin. de MH.), who reported two cases. 
His description of the disease differs considerably from that of 
v. Jaksch. He finds no greater difference between liver and 
spleen than often exists in true leukaemia. The course of the 
disease, though sometimes chronic, usually ends in death. The 
leucocytosis in Luzet's cases was less marked than in those of v. 
Jaksch and not greater than that occurring in many anaemias 
of children. He dwells particularly on the large number of nu- 

1 Von Jaksch . Wien. klin. Woch., 1889, Nos. 22, 28. 
' Hayem . Gaz. des Hdpitaux, 1889, No. 80. 
» Luzet: Diau, Pari*, 189* 
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cleated red cells, and the frequency of mtiaaia and considers this 
the most important diagnostic point. 

Although Luzet'a continues to use the name suggested by v. 
Jaksch, he describes the disease so differently that it is difficult 
to see why the same title should be given to it. He agrees with 
v. Jaksch in thinking that it is not simply a severe secondary anae- 
mia due to syphilis, rickets, tuberculosis, or infectious disease. 

Somewhat similar cases had already lieen dflMribad by vari- 
ous Italiau writers (e.g., Fede) under the title of "Infective 
Splenic Antenna of Infante." 

Among others who have written ou the subject are Baginsky , ' 
Senator," Fiscal,' Audeoud,' Monti and Bwrggriiu,* Felsenthal," 
Raudnitz,' Epstein," Alt and Weiss," Hock mid Sehlesiiiger," 
Crocq," and Rotch." 

The majority of these writers report very little as to tba dif- 
ferential counts of white corpuscles. An iiK-tvusi-d perr-utjig' 
of the adult forms is mentioned by many, but Rotch in a case 
with 1,311,250 red cells aud 110,500 white cells found only I'l 
per cent of the adult variety with 4G per cent of small lympho- 
cytes, 34 per cent of large lymphocytes, and 4 per cent eosino- 
philes. A second case hud only 14 per cent of adult cells and 
84 per cent of lymphocytes (large and small). 

Von Jaksch noted the lack of any relative increase of eosino- 
philes, supposing this to be a means of distinguishing his cases 
from true leukaemia. Luzet, on the other hand, found eosino- 
philes numerous. (This of course has no weight for or against 
leukiemia. ) 

Klein Qac. cit.) noted the occurrence of myelocytes in small 
number. 



I Baginsky: Arch. f. Kinderheilk., 1882, vol. 18. 
'Senator: Berlin, klin. Woch.. 1803. 
' Fisclil : (<w. cit. 

* Andeoud : Rev. de med. de la Suisse ran., 1894, p. "iDT. 

* Monti aud Jierggrilu ; foe. cit. 

* Felsenthal : loc. cit. 

' Kaudnitz: Prag. nied. Woch.. 1894. p. «. 
•Epstein: Prag. med. Woch., 1804, p. 0. 

* Alt and Wetits: Centralb. f. med. Wissennuhalt. IBM. 
10 Hock and Sclileainger: lor. cit. 

"Crocq: "Etude wir 1'Adt-nie," etc., Brussels, 1S01 (Lninartim 
"Rotch: Prwli«trk«, 1895, p. 381. 
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The discrepancy of these different reports ia suggestive. 

The chief importance of the heterogeneous group of cases 
which have received the name of oma&ta fn^bnfun peeudotat' 
kiemica seems to me to be as a proof of the difficulty of distin- 
guishing the various blood diseases in infancy. 

Among the cases reported under this name are some which 
might be any one of the following liat: Pernicious aniemia, 
secondary amemia with leucocytosia, Hodgkin's disease, lym- 
phatic leukiemia, and probably spleuic-nivelogenous leukieinia, 

(a) Most of the few reported cases of pernicious aniemia in 
infancy have shown moderate leucocytoaia (as compared with 
adult blood), a fact which deprives us of one of the means of dis- 
tinguishing the disease from secondary anemia, The reports 
as to nucleated corpuscles very rarely separate normoblasts from 
megaloblastic, and we have no way, therefore, of being sure on 
this important point. The high color index and large diameter 
of the red cells are occasionally seen in other aua?mifis nf infancy 
and are not always present in pernicious cases. The great 
fatality nf all kinds of aniemia in infancy prevents nur calling a 
case pernicious because of a fatal termination. Enlargements of 
liver and spleen occur in many cases of each type of infantile 
aniemia, and occasionally in pernicious anamiia of adults. They 
do not, therefore, exclude ]>ernicious anamia in infancy. 

Bearing these facts in mind, it is evident that some of Luzet's 
cases of " amemia infantum paeudoleukpenrica" may have been 
pernicious amemia. Von Jaksch 's own caBes may have been 
either (o) Hodgkin's disease with leucocytosia, (fc) grave secon- 
dary amemia with leucocytosia (Monti and Berggriin), or (c) 
leukreinia. 

(o) Hodgkiu'a disease, which v. Limbeck finds to be very 
common in infancy, may affect the liver and Bpleen and uot the 
external lymph glands, and may be accompanied by ansmia 
and leucocytosis such as v. Jaksch describes. Epstein con- 
siders that this is the case, and denies the existence of any such 
disease as the aniemia iufantum pseudoleuka'iuica. 

(b) As any amemia secondary to rickets or syphilis limy have 
enlarged spleen and liver and marked leucocytosis, we cannot 
tell from v. Jaksch's description that we are not dealing in his 
cases with secondary amemia. 

(t) Since v. Jaksch does not give any accurate differential 
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count of the leucocytes, there may have been large numbers of 
myelocytes in his cases for all we know, or an overwhelming 
percentage o£ lymphocytes, i.e., either type of leukemia. 

One of the cases reported by Rotch as " amentia infantum 
pseudolcukicmica" had HO per cent of lymphocytes in a leue< iqj !•• 
count of 1115,500, the ratio of white to red cells beiug 1 : 11, and 
the nucleated corpuscles abundant. The external lymph glands 
as well as the liver and spleen were enlarged. How such a case 
is to be distinguished from hmphatic leuktemia without autopsy 
I cannot see. Large numbers of nucleated corpuscles with mito- 
ses (present in this case) are to lie found in any amentia of in- 
fancy where the red cells, as in this case, have sunk as low us 
1,311,500, and therefore do not exclude leukfeuiia. 

Von Jaksch protests that his cases are not secondary U> 
rickets or any other disease, but Fischl ' in a careful study of all 
the published cases finds that out of a total of eighteen cases, 
sixteen had severe rickets and two hereditary syphilis. 

The writings of Raudnitz, Ebstein, Felsenthal, Fischl, and 
v. Limbeck, which deuy the separate existence of the amentia 
infantum pBeadoleoknmioa, are convincing to me, and are rein- 
forced by the few cases of bad amentia in children which I liave 
.-' ■■■>! . We must distribute the eases of an in mi a with leucocy- 
tosis and large spleen under pernicious antenna, secondary an- 
;i tnin , and leukaemia. 

But our problem is not yet nearly solved. All we liav* 
gained is the belief that v. Jaksch's new disease does not help us 
to classify these doubtful cases. The difficulty is still very great. 
The following case illustrates this: 

A male child of sixteen months with symptoms of grave 
HTM'Uiiii. greatly enlarged spleen and slightly eidargi-d Uvte, 
showed tli.- following figures: Red cells, 2,500,000; white cells 
32,000. Differential count of 500 cells showed: Young cells, 
53.8 per cent (46.2 of the smaller type'; adult cells. 28.4 per 
cent; eosinophiles, 6.2 percent; myelocytes, 10 per cent. 

While counting these, 147 nucleated red corpuscles were seen, 
of which 21 were normoblasts, 50 inegaloblasts, and 47 micro- 
blasts; 6 showed mitosis in their nuclei. 

The child died shortly after without any complication or 
intercurrent disease. No autopsy. No evidence of rickets or 
syphilis or other previous disease. 

1 Fischl : Zeit. t. Heilkunde, 1803. 
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Now I see no reason for supposing this to represent a new 
type of anaemia, and yet I cannot feel perfectly safe in classify- 
ing it as primary anaemia, secondary anaemia, or leukaemia. 

(a) Primary or pernicious anaemia should have a lower count 
of red cells and a majority of megaloblasts. The percentage of 
myelocytes (ten per cent) is higher than in any other case of 
pernicious anaemia on record, though in one adult case with au- 
topsy I found 9.2 per cent with a leucocytosis of 12,500, or 1,- 
150 myelocytes per cubic millimetre, against 2,200 per cubic 
millimetre in this case. 

(b) It is hard to call an anaemia secondary which kills with 
no complications and when there is no evidence of any disease 
to which it can be secondary. 

(r) For splenic-myelogenous leukaemia the total leucocyte 
count and the percentage of myelocytes are very small. Still the 
leucocyte count may drop very low in leukaemia even without 
any inflammatory complication. Such a case is reported by 
Osier, in which the leucocytes fell to 7,500, of which only 300, 
or four per cent, were myelocytes. 

Hay em (loc. cit., page 864) in a ten months' child counted 
2,712,500 red and, 33,000 white cells, almost the same figures 
as in the case just quoted. [Hayem unfortunately gives no 
differential count, but apparently considers the case leukaemic 
because of the enormous number of nucleated red cells, many 
with mitoses.] 

Morse's case of leukaemia in infancy had 2,900,000 red and 
48,000 white cells. Twenty-one and four-tenths per cent of the 
leucocytes, or about 10,000, were myelocytes. The same abun- 
dance of nucleated red cells (some with mitoses) were here pres- 
ent as in Hay em' s case, so that there is evidently nothing pecu- 
liar in their presence in the disease described by v. Jaksch, as 
Luzet supposed. 

These cases show that leukaemia may at certain periods pre- 
sent just such a blood picture as was present in the above-quoted 
case and that the number of leucocytes in the leukaemia of in- 
fants may be no greater than that in any anaemia with the leu- 
cocytosis so common in children. 

It seems to me the most natural conclusion to be deduced 
from these facts is that we meet with cases in infancy which are 
apparently intermediate between leukcvmia and pernicious ancemia. 
23 
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I have pointed out elsewhere that there are uianv points of rc- 
semblance between the two diseases. The case of leukwunia re- 
potted by Osier showed at one period — the period of remis- 
sion — a fall in the number of leucocytes and in the percentage 
of myelocytes till the blood was practically that of pernicious 



Dr. Rotch's case (above quoted) is another in which the diag- 
nosis seems to lie somewhere intermediate between the two 
diseases, amemia and leukaemia. 

The case which I have quoted above seems to me on the 
whole nearer to the type of pernicious anieima than of leukit-rnia. 
and Dr. Rotch's nearer to the latter than to the former ; but em-h 
is really intermediate, so Jar as the blood <joe*, between tlx« two 
diseases. I have uo intention of suggesting that tha organic 
lesions in these cases are intermediate 1 «tweeu leukiptuia and 
pernicious amemia. It is simply the blood that is so. 

Engel's case, reported in Virchow's Archie, Vol. 135, sug- 
gests the same thing. He calls the case nun of "jmrrariln jwine 
vioiis anosmia." Meylocytes were abundaut. 






PohjHtorplu'im Conditio/!. 

This illustrates that "polymorphous" condition of the blood 
which v. Jaksch supposed to bo characteristic of the amoniia in- 
fantum pseudoleukiemica. The same thing was very marked in 
all the bad cases of aua?mia which I have seen, including 
the case above mentioned, and a case of true k-ukwmia in 
a girl of eight. The impression one gets from the tield of a 
stained specimen is that no two white corpuscles ore alike, I 
species is subdivided into several sub-varieties and all stages i i 
degeneration are to be seen in each variety. But this is char- 
acteristic of any very severe infantile auwmia and not of auy 
single type. 

LEUKAEMIA. 

In Morse's careful article of August, 1894 [Bortm ■ 
Surg. Journal), twenty cases ofleuka?miain infancy are collected. 
An he rightly says, proliably most of these cases were not gen- 
uine. Only one of them includes a differential count, and this ia 
in a lymphatic case. Morse's is the only one of the splenic- 
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myelogenous type on record in which the diagnosis is made 
reasonably certain by a color analysis. Fischl in 1892 said 
that there was no case on record with a differential count. It 
seems to be actually the case, therefore, that we have only two 
genuine cases of leukaemia in infancy from which to generalize, 
both occurring in the practice of Boston physicians. 

The first case, seen in 1890 by Dr. F. C. Shattuck, was 
apparently acute, the symptoms appearing only six weeks be- 
fore death. Cover -glass preparations examined by W. S. 
Thayer showed a ratio of about 1 white to 20 red cells. The 
differential count 1 showed: Small lymphcocytes, 97.9 per 
cent; large lymphocytes, .7 per cent; u polynuclear" cells, 1.4 
percent; eosinophils, .08 per cent. 

The other case reported by Morse has been mentioned above. 
No generalization is possible until other cases shall be added to 
these. 

1 Reported by Thayer in the Boston Medical and Surgical Journal, 
1893, vol. 128, p. 188. 
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Neusser's Perinuclear Basophilic Granules. 

Using the following modification of Ehrlich's tricolor mix- 
ture, Neusser 1 believes that he can bring out certain character- 
istics in the leucocytes of value in diagnosis and prognosis. 



Acid fuchsin 50 c. c. 

a 



Saturated aqueous solution of -j Orange Q 70 

(Methyl green 80 u 

Distilled water 150 u 

Absolute alcohol 80 a 

Glycerin 20 ** 

Cover slips stained with this mixture show in certain dis- 
eases (e.tj., gout, leukaemia) a grouping of dark blue-stained 
granules around the nuclei of the mononuclear leucocytes and 
over and around the nuclei of polymorphonuclear leucocytes. 
These granules appear to take up only the basic part of the 
tri-color mixture. 

For Neusser' s conclusions regarding the meaning of these 
granules, the reader is referred to pages 222 and 276. 

1 Wien. klin. Woch., 1«94, No. 39. 
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It has seemed to me best to give a list of the books and 
articles which I have found most useful, classing those found 
less valuable with the general bibliography. 

Text-Books. 

1. Hayem : u Du Sang," Paris, 1889, 8vo, 1035 pages (French). This 
valuable book is the largest that I know of on the subject, and contains 
a mine of information on the morphology of the blood in health and 
disease, mostly from the author's own experience, literature being but 
little referred to. It contains a comparative anatomy of the blood 
and a long account of blood development. Unfortunately, it is domi- 
nated throughout by a theory of blood formation which has never 
gained acceptance by any other authority. It is very full on the sub- 
ject of fibrin formation and of chlorosis. The illustrations are excel- 
lent. 

2. v. Limbeck : " Grundriss ein. klin. Pathologie des Blutes," Jena, 
l£96, 8vo, 388 pages (Fischer). The second edition of this book, which 
appeared in February, 1896, is more than twice the size of the first edi- 
tion (1892)— a fact illustrating the rapidity of the subject's growth. It 
is on the whole the best general text-book known to me, being equally 
full on all parts of the subject, including, for example, technique 
(which Grawitz omits) and of the chemistry the blood, which is at 
present the author's special interest and on which Hayem is meagre. 
The illustrations are poor and the type is trying to the eyes. The 
writer shows little personal experience with the morphology and micro- 
chemistry of the blood, and this is the weakest side of the book. A 
large part of the book is concerned with the physiology of the blood. 

3. Grawitz : " Klinische Pathologie des Blutes," Berlin, 1895, 8vo, 
333 pages (Enslin). Issued in April, 1890. This book is the latest 
known to me. It is largely devoted to the matter indicated by the 
title and contains no account of blood technique, and only thirty pages 
on the normal anatomy and physiology of the blood, while two 
hundred and seventy concern the blood in disease. The arrangement 
of the book is very clear and helpful. The author's main interests are 
in the estimation of the dried residue of the blood in various diseased 
conditions and in the bacteriology of the blood, so that the book is 
specially full on these topics. The illustrations are poor. Type and 
paper are excellent. 
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4. Schmaltz : "Pathologic dea Blutes uud die Blutkrankheiteo,*' 
Leipzig, lyflli, Wino. 30* panes (Naumaim). A much smaller book than 
either of the others and including the symptoms, pathology, and 
treatment of blood diseases, as well as a pathology of the blood itself. 
Specific gravity of the blood is a point of special interest with t lie 
author. There are no illustrations. The book is excellent as far as It 
goes, well arranged, and clear. 

These am the best text-books known to me on the whole 
subject. None of them have been translated. 

Text-Book Article* on Blood Diseases. 

1. Osier, in the "American Text-book of the Theory and Practice 
of Medicine," vol. 11. (Philadelphia, WW, Saunders), writes a flfl s V*QI 
article on "Diseases of the Blond." which is the standard work on the 
subject in English. It covers, of course, only the blood diseases proper 
without much account of the blood in other conditions. 

2. Stengel's article in vol. vii. of the "Twentieth Century Practice 
of Medicine" is excellent. 

8. The article " The Blood in Infancy," in Botch's Pediatries, coven, 
this branch of the subject very thoroughly and is up to date (1890). 

These are the best articles in English that I know of. 

4. The article on " La Patbologie du Sang," by Gilbert, in the Ovp- 
volume " Train? de Mcdeclne" edited by Charcot, Bouchard, and 
Brissaud, Pari*. 1W93 (Mh-mki). is inferior to those last mentioned and 
is mostly an echo of Hay em's work above referred to. Theories 1 ong 
exploded {e.g., that eosinophilic ji j<- pathognomonic of leukaemia) 
receive the author's sanction. The article is one hundred large octavo 
pages long and js intended to cover the whole subject. 

5. Griffith's eighty-page article In K eating's "Cyclopaedia of the 
Diseases of Children," vol. ill., p. TOi (Philadelphia, 1890, Lipplncott). 
Is now a good deal out of date. 

fi. The articles on blood diseases in the latest editions of the text- 
books of Osier. StrUmpell, Da Costa, Flint, and Fagg, contain fetattftj* 
little about the blood itself. 

Treatises on Special Portions of the Subject. 

1. Reineri's "Die Zflhlung der Blutkorperehen " Leipzig, isin 
(Vogel), 340 pages, is an admirable account of the avoidable ni.it un- 
avoidable errors in blood examination, and the best methods of re- 
ducing error to a minimum. A number of careful exam i nation a of tin* 
blood In health and in various diseases are also given ; and an outline 
of the scope of blood diagnosis closes the book. 

3. Rieder's " Beit rage Ear Kenntniss der Leukocytosis," Leipzig. 
1893 (Vogel). 330 pages, is an admirable work in all respects, nltliough 









BIBLIOGRAPHY. 351 

now considerably out of date. It shows, as very few of the foregoing 
treatises do, a practical acquaintance, on the author's part, with the' 
details of blood morphology and microchemistry. A very large num- 
ber of blood counts in many diseases is recorded. 

3. Lttwitt's "Studien zur Physiol, und Pathol, des Blutes u. der 
Lymphe" (Jena, 1893 [Fischer], 8vo, 138 pages) is mostly concerned 
with experiments on animals and intended to throw light on the 
theory of leucocytosis. The conclusions of. the book have not been 
generally adopted, though its facts have been mostly verified. 

4. Thayer and Hewetson's book, on the " Malarial Fevers of Balti- 
more/ 1 leaves nothing more to be desired in that direction. It is two 
hundred and fifteen pages long, published by the Johns Hopkins press 
of Baltimore in 1895. It contains a summary of the literature of the 
subject, an analysis of six hundred and sixteen new cases, and some 
admirable colored plates. It is a model of its kind in every respect, 
and an ideal for others to aim for. 

5. Ehrlich's " Farbenanaly tische Untersuchungen " (Berlin, 1891 
[Hirschwald], 137 pages) contains nine short essays by Ehrlich and 
three by his pupils. Considering the reputation of the writer they 
are at the present day rather disappointing reading and contain little 
that is not better expressed elsewhere. 

6. Under a somewhat different heading come the sections on the 
examination of the blood in v. Jaksch's u Clinical Diagnosis" (English 
translation, London, 1893, Griffen & Co.), a seventy-five-page article 
containing many inaccuracies ; and Lenharz : " Microscopie und 
Chemie am Krankenbett " (Berlin, 1896, Springer), a fifty-page article. 

Magazine Articles of Special Value. 

1. On Concentration and Dilution of the Blood — Oliver : Lancet, 
June 27, 1896. 

2. On the Nature of Leucocytes— Gulland: Journal of Physiology, 
May 30, 1896, London. 

3. On Leucocytosis — Krebs : Inaug. Dissert., Berlin, 1893. Sadler: 
Forschr. d. Med., Supplement-Heft, 1892. Also Klein, in Volkmann's 
Sammlung klinischer Vortrflge, December, 1893, and of course Rieder, 
above referred to. 

4. On Amemia— Dunin : Volkmann's Sammlung. klin Vortrftge, 
1896, No. 135. 

5. Parasitic Anaemia — Schaumann : Zur Kenntniss der sog. Both- 
riocephalic Anttinie, Berlin, 1892, 214 pages ; and Askanazy : Zeitschr. 
f. klin. Med., 1895, p. 492. 

6. Leukaemia — Fraenkel : Deutsche med. Wochenschrift, 1895, 
p. 639. 

7. Pernicious An«mia— Discussion by Birch-Hirschfeld, Ehrlich, 
Troje, and others, at the XI. Congress f. inner. Med. (Leipzig, 1892). 

8. Pneumonia— Billings : Bulletin of the Johns Hopkins Hospital, 
November, 1894. Diphtheria— Billings: New York Medical Record, April 
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25, 1800. Typhoid— Thayer : Johns Hopkins Hospital Reports vol. iv . 
No. 1. Exanthemata— Feleeuthiil : Arch, f. Kinderheilk., 1892. p >. 
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of lung, 207 

other forms of, 206 

pericecal, 196 
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subphrenic, 207 
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white corpuscles, 17 
Actinomycosis, 93, 209 
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vellow atrophy of the liver, 251 
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myelocytes in, 105 
Adenitis, 151 

tubercular, 230 
"Adult" leucocytes, 52, 58 
Agello, 281 
Albrecht, 232 
Alexander, 294 
Alkalinity, 36 

in cholera, 185 

in diabetes, 274 

in fever, 159 

in gout, 275 

in osteomalacia, 279 

in rheumatism, 181 
Alt and Weiss, 342 
Altitude, effect on blood, 65 
Amyloid disease, 151 
Anaemia, 68 

causes of, 80 

classification of, in infancy, 338 

color of skin and mucous mem- 
branes in, 68 

destruction of corpuscles in, 74 

due to intestinal parasites, 333 

in infancy, 337 

infantum pseudoleukemia, 341 

in gastric atrophy, 242 

leucocytosis in, 338 

myelocytes in, 104 

nucleated red cells in, 75 

pernicious, 117-132 

post-febrile, 167 

primary and secondary, 69 

red corpuscles in, 71 



Anaemia, stages in secondary, 71 
splenic hyperplasia in, 837 
white cells in (see Leucocytosis) 

Andeoud, 242 

Ankylostoma duodenale, 388 

Antipyretics, effect on leucocytes, 
160 
effect on red cells, 158, 284 

Antipyrin, eosinophilia from, 102 
leucocytosis from, 96 

Aoyoma, 209 
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Arnold, 104 

Arthritis, gonorrhoea], 184 
septic, 184 

Asiatic cholera, 184 

Askanazy, 79, 833 

Asthma, bronchial, 268 
cardio-renal, 269 

Bacteria in blood, 338 

in blood of sepsis, 189 
Bacteriological examination of the 

blood, 35, 36 
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Baginsky, 342 
Barlow's disease, 281 
Basedow's disease, 277. (See Graves' 
Disease.) 
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myelocytes in, 104 
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Behier, 110 
Belfanti. 159 
Below, 45 
Beriberi, 93 
Bieganski, 163 
Bierfreund, 290, 311 
Bignami and Dionisi, 325 
Bilharz, 333 

Billings, 161, 163, 165, 178, 826 
Binz, 95 

Blood, bacteriological examination 
of, 35, 333 
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Blood, counting, 10 

crises, 111 

destruction, 281 

examination of dried and 
stained, 47 

examination of fresh, 5 

examination, value of, 8 

in infancy, 885 

normal appearances of, 9, 88, 47 

plates, 41, 46 
Blum, 189 
Bom mers, 189 
Bone diseases, eosinophilia in, 100 

tuberculosis, 223, 105 
Bothriocephalus latus, 888 
Bouchut, 174, 281 
Boulay, 159 
Brain diseases. 271 
Brandenburg, 283 
Bronchitis, 164, 169, 266 

acute, 266 

chronic, 268 
Brown ian motion, 9, 817 
Brunner, 189 
Bubonic plague, 209 
Burns, haemoglobinaemia in, 283 

myelocytes in, 105 

Cabot, 109 

Cachexia, cancerous, red cells in, 

73, 287 
Cancer, 287 

ana»mia in, 290 

effect of metastases in, 299 

lack of aiuemia in, 290 

leucocytes in, 293 

effect of position of, 294 

of breast, 295 

of gullet. 300 

of intestine, 301 

of kidney. 303 

of liver, 301 

of omentum, 302 

of stomach. 296 

of uterus, 303 

percentage of hemoglobin in, 
290 
CappH,"r>H, 104, 271, 299 
Carbonic acid |>oisoning, 00,104,284 
Carcinoma (h'»' Cancer). 
Carmichael, 2."»8 
Castration, effects of. 100, 102 
Cell death, prevention of. 8 
Celli and Cuarnieri. 74 
Cerebral disease (see Brain). 
Cerebral hemorrhage, 111, 216 

tumors, 210, 271 
Charcot-Iievden crystals, 147 
Cheron, 03 



Childbirth, influence on red cells, 
44 

influence on white cells, 87 
Chloroform -benzol, use of, in esti- 
mating specific gravity, 80 
Chlorosis, 132-138 

haemoglobin in, 133 

infantile, 339 

myelocytes in, 104 

red cells in, 138-137 

specific gravity in, 187 

white cells in, 187, 138 
Cholaemia, 252 
Cholangitis, 247, 253 
Cholera, Asiatic, 184 
Chorea, 271 
Christol, 209 
Chrobak, 279 
Cirrhotic liver, 247 

changes in red cells in, 64. 74 

hypertrophic forms of, 249 
Coagulation, 87, 287 
Cold, effects of, 44, 87 
Colic, hepatic and renal, 201, 252, 
265 

intestinal, 201 
Colitis, 244 
Color of blood in chlorosis, 183 

of blood in leukaemia, 140 

of blood in pernicious anaemia, 
117 

of skin in anaemia, 68 
Color index, 100, 122, 134, 239. 292 
Coma, blood in. 216 
Concentration of blood, 44, 62. 256 
Convulsions, leucocytes in, 272 
Cornil'8"Markcell8/'57 
Counting, difficulties of. 15 

of red cells. 10-17 

of white cells, 17-20 
Cover-glasses, cleaning of, 7, 32 

method of holding. 7 

necessity of cleanliness, 7 

preparations, 32 
Crenation. 39, 72 
Crocq, 342 
Curtis, 201 

Cyanosis, general, effect on blood, 
oo. 2:»o 

local. HO 
Cysticereosis, 271 
Cystitis, leucocytes in, 93, 169 

myelocytes in, 105 
Czerniewskv, 189 

Da Costa, 285 

Daland. 21 

Dane. 223 

Debility, effect on red cells, 273 
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Debility, effect on white cells, 53, 

54. 98 
Degenerative changes in red cells, 

40, 50 
Dermatitis, 94 
Diabetes, 274 

myelocytes in, 104 
Diabetic coma, 216 
Diarrhoea, concentration of the 
blood in, 62 
chronic, 244 
Dieulafoy, 166 

Differential counting, method of, 84 
Digestion leucocytosis, 88 

leucocytosis in gastric cancer, 

298 
leucocytosis in gastric catarrh, 

241 
leucocytosis in gastric ulcer, 288 
Dilatation of the stomach, 248 
Dilution of the blood, 11, 44, 64 
Diphtheria, 172 

effects of antitoxin, 178 
leucocytosis in, 174 
lymphocytosis in, 176 
myelocytes in, 175 
red corpuscles in, 172 
Distomum haematobium, 383 
Dried preparations of blood, 82 

preparations of blood, red cells 

in, 47 
preparations of blood, white cells 

in, 48 
residue of blood, estimation of, 
237 
Duodenal ulcer, 240, 288 
Dysentery, 244 
Dyspepsia, 240 

Ear, puncturing the, 6 
Eaton, 285 
Ebstein, 844 
Eczema, 94 

Effusions, serous, 62, 210 
Ehrlich, 146 
Eiselberg, 189 
Emphysema. 268 
Empyema, 218 
Endocarditis, 254 

ulcerative, 188, 254 
Endoglobular changes in red cells, 72 
Engel, 104, 176, 346 
Enteritis, acute, 241, 244 

chronic, 244 
Eosinophilia 100-102, 138, 178, 208, 

268, 305, 311 
Eosinophils, appearance in fresh 
blood, 40 

appearance in stained blood, 51 



Eosinophiles, in malignant disease, 
305, 811 

in normal blood, 58 

life history of, 54 
Eosinophilic myelocytes, 57, 146 
Epilepsy, coma after, 216 

red cells in, 74 

white cells in, 102, 272 
Epstein, 842, 343 
Erysipelas, 74, 185 
Escherich, 800 
Etat cribriforme, 248 
Everard, 209 
Ewing, 174, 209 
Exercise, effect on blood, 44 

Faecal impaction, 202 

Fatigue, effects on blood, 45 

Fede, 842 

Felon, 93, 206 

Felsenthal, 174, 178, 179, 342, 844 

Fever, influence on the blood, 158 

Fibrin network, 41, 42 

network, general pathology of, 
107, 108 

network, in cancer, 287 
Fick, 66 
Filaria sanguinis hominis, 326 

sanguinis hominis, examina- 
tion for, 827 
Fink, 268 
Finlay, 208 

Fischel, 337, 342, 344, 347 
Fixation of blood films by alcohol 
and ether, 32 

of blood films by heat. 32, 33 
Fleischer and Penzoldt, 154 
Fleischl's haemometer, 25-29 
Floating kidney, 202 
Frankel, 147, 152 
Furunculosis, 93 

Gabrttschewsky, 174, 268 

Gaillard, 232 

Gall-stones, 252 

Garrod, 180 

Gas, illuminating, poisoning by, 66, 

94, 104, 284 
Gastric cancer, 296 

dilatation, 243 

ulcer, 237 
Gastritis, 240 

chronic, 241 

corrosive, 243 
Gastroenteritis, 289, 241 
General paralysis of the insane, 104, 

271 
Genitals, influence on blood, 100, 
101 
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Gibson, 258 

Gilbert, 146, 252 

Glanders, 209 

Glands (see Adenitis) 

Goldschneider and Jacob, 05, 158, 
159 

Gollasch, 268 

Gonorrhoea, 101, 207 

Gout, 275 

Gowers' solution, 11 

Graves' disease, 277 

Gravity, specific, method of esti- 
mating, 80. 81, 108 

Grawitz, 180, 159, 172, 189, 237, 245, 
246, 247, 248, 251, 254, 256, 260, 

262, 264, 265, 268, 274, 275, 290, 
295, 825, 826 

Grippe, 96, 187, 248 
Gumprecht, 108 

Habershon, 275 
Hematocrit, accuracy of, 21 

advantages of, 21 

method of using, 22-25 
H somatology, 3 
HsBmocytolysis, 282 
Haemoglobin , estimation of, 25-29 

general pathology of, 106 

in chlorosis, 138 

indirect estimation of, by spe- 
cific gravity, 81 

in malignant disease, 290, 809 

in pernicious anapmia, 118 
Haemoglobina?mia, 74, 191, 282 

paroxysmal, 283 
Haemophilia, 0, 282 
Hemorrhage, 91, 109 
Hemorrhagic diseases, 281 
Halla, 165. 186. 210 
Hammerschlag, 29, 104. 129, 247 
Hanot and Menier, 250 
Hare, 1«1 
Hartung. 299 
Hay, 24H 

Havem, 25, 107, 133, 136, 166, 177, 
180, 181, 210, 215, 246. 247, 248, 
249, 250, 251, 257, 260, 261. 262, 

263. 2«4, 281, 295, 301, 303, 304, 
307, 339, 341. 345 

Heart, diseases of, 254 

diseases of, aortic, 258 
diseases of, concentration of 

blood in. 256 
disease's of. congenital, 258 
diseases of. dilution of blood in, 

257 
diseases of, leucocytes in, 257 
diseases of, mitral, 258 

Hedin, 21 



Henck, 153 

Henry, 280 

Herpes zoster, 94 

Hock and Schlesinger, 279, 886, 889, 
842 

Hodgkin's disease, 154 
disease in infancy, 848 
disease, myelocytes in, 157 
disease, transition to leukaemia, 

154 
disease, white cells in, 157 

Hoff, 189 

Hofmeier, 247 

Holmes, 104. 223 

Houston, 273 

Hydatid, 207, 251 

Hydraemia, 68. 80 

Hydronephrosis, 151 

Hyperacidity and hypersecretion, 
242 

Hypochondriasis, 272 

Hysteria, 101, 216, 272 

Icterus of the new-born, 247 
Illuminating gas, poisoning by, 284 
Infancy, anaemias of, 887 

blood in, 335 

eosinophilia in, 100, 101 

haemoglobin in, 836 

leukaemia in, 346 

lymphocytosis in, 98 
Influenza, 187 
Insanity, anaemia in. 273 

eosinophilia in acute, 102, 273 
Intestine, cancer of, 302 

diseases of. 243 

obstruction of, 245 
Isotonia, isotonic coefficient, 87 

v. Jaksch. 108, 161, 165. 216,251,271, 

277, 278, 279. 332. 338, 339, 341. 

342, 343, 344, 345, 346 

Jaundice, catarrhal, changes of red 

cells in, 74 

catarrhal, increased resistance 

of red cells in, 246 
catarrhal, volume of red cells in, 

246 
in pneumonia, 160 
Jones. 208 
Justus. 233 

Kanthak, 192 

Kelsch, 325 

Khetagurow, 167 

Kidney, cancer of, 303 
diseases of, 259 
diseases of, acute, 260 
diseases of, chronic, 261 
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Kidney, floating, 202, 266 
floating, cyst of, 151, 207 
stone in the, 265 

Kiener, 209 

Kilodse, 165 

Kisch, 274 

Klein, 100, 104. 342 

Koblank, 258, 260, 261, 262, 268 

Konried, 231 

Koppe, 65 

Kotechetkoff, 178 

Kovak, 153 

Kraepelon, 276 

Krebs, 104, 192, 255 

Kronig, 284 

Krypiakiewicz, 278 

Kussmaul, 243 

Laache, 234, 297 

Lactation, influence on red cells, 44 

Lactic acid, in blood of rheumatism, 

181 
Laehr, 165 
Laker, 112, 291, 307 
Lannois, 189 
Lead encephalopathy, 216 

poisoning, changes of red cells 
in, 74 
Le Breton, 276, 277 
Leichtenstern, 268 

and Wick, 62 
Leprosy, 234 
Letzius, 232 
Leucocytosis, 81 

absenceof, 96 

after cold baths, exercise, 
massage, 87 

after parturition, 87 

definition of, 81 

diagnostic value of, 85 

from therapeutic influences, 
95 

in infancy, 84, 338 

inflammatory, 91-94 

of digestion, 83. 238, 241, 298 

of malignant disease, 298, 809 

of preguancy, 86 

of the moribund, 90 

of the newborn, 86, 335 

pathological, 90-98 

physiological, 83-90 

posthemorrhagic, 91 

toxic, 94 
Leucopenia, 97 

in anaemia, 97 

in infectious diseases. 97 

in starvation, 97 
Leukaemia, 140-154, 344-346 

adult leucocytes in, 145 



Leukaemia, anaemia in, 142 

Charcot- Leyden crystals in, 147 

effects of intercurrent infec- 
tions in, 152 

eosinophils in, 100, 146 

haemoglobin in, 141 

in infancy, 844 

lymphatic, 147 

lymphocytes in, 146, 148 

megaloblasts in, 142, 148 

myelocytes in, 148, 146 

Neusser's granules in, 147 

normoblasts in, 142, 148 

red corpuscles in, 74, 141, 148 

septicaemia in, 149 

splenic -myelogenous, 140-147 

white cells in, 142, 148 
v. Limbeck, 64, 66, 74. 210, 215, 227, 
228, 246, 248, 250, 251, 257, 266, 
279, 285, 287, 295, 807, 886, 848, 844 
Lindstrom, 122 
Lipaemia, 108, 274 
Litten, 123, 149 
Liver, abscess of, 253 

acute yellow atrophy of, 94, 251 

cancer, 801 

cirrhosis, 247-249 

cholangitis, 247, 253 

diseases of the, 246 

gumma, 254 

hydatid of, 251 
Loos, 104. 339 
Lowitt, 95 

Lungs, diseases of, 266 
Luzet, 279, 337, 339, 341, 842, 848, 845 
Lymphocytes, appearances of, 48 

percentage among white cells, 58 
Lymphocytosis, 98 

in chlorosis, 98, 138 

in Graves'* disease, 98, 101, 277 

in infancy, 98, 335 

in leukaemia, 146-148 

in malignant disease, 304, 810 

in pernicious anaemia, 98, 127 

in pneumonia, 99, 168 

in rickets. 279 

in syphilis, 98, 233, 335 

in thyroid feeding, 99 

in typhoid fever, 170 

Malaria, 181 

absence of leucocytosis in, 96 
blood destruction in, 74 
haemoglobinaemia in, 283 
haemoglobin in, 825 
myelocytes in, 105 
parasite of, 815 

parasite of, craacentic forms, 821 
parasite of, fli ■ 821 
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Malaria, parasite of, hyaline forms, 
316 

parasite of, pigmented forms, 
317 

parasite of, segmenting forms, 
310 

preparation of stained speci- 
mens, 322 

red cells in, 74, 824 

white cells in, 326 
Malignant disease, 287. See Cancer 
and Sarcoma. 

disease, differential diagnosis 
of, 313 

disease, summary of blood - 
changes in, 312 
Manson, 329, 330 
Maragliano, 71, 78, 74, 124, 186, 158, 

181, 247, 248 
Marrow, eoeinophilee in, 54 

myelocytes in, 55 
May, 222, 223 
Measles, 179 

leucocytes in, 96, 179 

red cells in, 74, 179 
Measuring corpuscles, 42 
Megaloblaste, 76 

in chlorosis, 136 

in malignant disease, 298 

in parasitic anaemia, 884 

in pernicious anaemia, 124 

in secondary anaemia, 79 
Melanaemia, 109, 278 
Meningitis, 215 

cerebrospinal, 216 

tubercular, 228 
Menstruation, effect on red cells, 44 

eosinophils in, 101 
Microbials, 79 
Mikulicz, 112, 291 
Mitchell, 63, 89, 122 
Mitosis, 54 
Mocvntkowskv, 332 
Molecular motion in corpuscles, 9, 

39, 317 
Mononuclear neutrophils, 50, 51, 58 
Monti and BerggrCin. 160, 279, 337, 

338, 339, 340. 342. 343 
Morse. 174, 345, 346, 347 
Movable stage, use of, in differential 

counting, 34 
Mozler. 154 

Miiller. 152. 153, 234, 268, 298 
Mumps, 179 
Munzer and Palmer, 66 
Murray. 276 
Mva and Sanarelli, 74 
Myelocytes. 55-5H. 103-106 

in cancer, 305 



Myelocytes, in leukaemia, 144 
in other conditions, 104, 105 
in pernicious anaemia, 128 
in sarcoma, 811 

Myocarditis, 256 

Necrobiosis of red cells, 71 
Nephritis, 260 

acute, 260 

chronic, 262 

chronic chronic diffuse, 261 

chronic interstitial, 264 

parenchymatous, 261 

necrobiotic changes in, 78 

red cells in, 74, 260 
Nervous system, diseases of, 270 
Netter, 252 
Neubert, 289 
Neumann, 277 
Neuralgia, 271 
Neuritis, alcoholic, 270 

acute multiple, 270 
Neusser, 100, 104, 222, 275, 277, 279 
Neusser's granules, 222, 348 
Neutrophilic. granules, 50, 55 
Newton's rings, 13 
v. Noorden, 111, 247, 268, 274 
Normoblasts, 75, 79 

in chlorosis, 186 

in infantile blood, 886 

in pernicious anaemia, 124 

in secondary anaemia, 79 
Nuclein, eosinophilia from. 102 

leucocytosis from, 95 
Nucleated red corpuscles, 75 

red corpuscles, atypical forms 
of, 77 

red corpuscles in anaemia of in- 
fants, 340 

red corpuscles in chlorosis, 136 

red corpuscles in malignant dis- 
ease, 293 

red corpuscles in pernicious an- 
aemia, 126 

red corpuscles in tuberculosis, 
218 
Nutrition, effects on blood, 44, 45 

Obermeyer, 831 

Obesitv, 274 

Obstruction, intestinal, 245 

Oertel. 27 

Oliver, 63 

Omentum, cancer of , 302 

Operations, 

surgical, contraindications in 

the blood, 112 
surgical, effect on leucocytes in 

cancer, 296 
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Operations, surgical, loss of blood 

in, 110 
Oppenheimer, 287, 277 
Orion, 187 

Osier, 181, 215, 281, 345, 346 
Osteomalacia, 278 

eosinophils in, 100 

myelocytes, in, 104 
Osteomyelitis, 101, 105, 205 

tubercular, 225 
Osteosarcoma, 809 
Osterspey, 135, 239, 289, 297, 801 
Otitis media. 169, 205 
Ouskow, 170, 281 

Pachymeningitis hemorrhagica, 
271 

Parasites of the blood, 315 

intestinal, influence on the 

blood, 838 
malarial (see Malaria) 

Paresis, 271 

Pee. 180, 186, 255, 800 

Pellagra, eosinophilia in, 100 

Pelvic abscess, 203 
neuralgia, 201 

Pemphigus, eosinophilia in, 100 

Penzoldt, 259 

Pericarditis, serous, 214 
tubercular, 230 

Perinuclear basophilia, 222, 348 

Peritonitis, 200, 213 
general septic, 214 
granular, 214 
pelvic, 203 
tubercular, 227 

Pernicious anaemia, 117 

anaemia, changes of red cells in, 

74, 118,123, 124 
anaemia, diagnosis of, 129 
anaemia, eosinophils in, 128 
anromia, haemoglobin in, 122 
anaemia in infancy 343, 344 
anaemia, lymphocytes in, 127 
anaemia, megaloblasts in, 126 
anaemia, myelocytes in, 128 
anaemia, necrobiotic changes in, 

73 
anaemia, relapse in, 118, 120 
anaemia, white cells in, 120 

Perspiration, effect on blood, 44 

Petrowsky, 258 

Petruschky, 189 

Phenacetin poisoning, 284 

Phlebitis, 169 

Phosphorous poisoning, 65, 66, 102, 
251 

Phthisis. 217 

anaemia of, 217 



Phthisis, eosinophiles in, 102, 222 

fibroid, 220 

myelocytes in, 104, 222 

white corpuscles in, 219 
Physiology of blood, 38-58 
Pick, 161, 180, 186, 229 
Pipette (see Thoma-Zeiss) 

cleaning of. 16 
Pilocarpine, leucocytosis after, 96 
Plague, bubonic, 209 
Plethora, 5ft-62 

possibility of a true, 66 
Pleurisy. 210 

purulent, 213 

serous, 210 

tubercular, 211, 230 
Pneumonia, 159 

artificial production of leuco- 
cytosis in, 161 

bacteriology of blood in, 159 

coagulation in, 159 

leucocytes in, 160 

prognosis in, 160 

red cells in, 160 
Pohl, 95 

Poikilocytosis, 72 
Polychromatophilic changes in 

pernicious anaemia, 124 
Polycythemia 59-61, 65 
Polymorphonuclear cells, 49, 50, 53, 

145 
Porter, C. B., 194 
Potain, 297 
Potassium, chlorate of, poisoning 

by, 283 
Pregnancy, 44 

extra-uterine, 202 
Puerperal mania, 274 

mania, myelocytes in, 104 
Puncture of the ear in blood exam- 
ination, 5 
Purgation, concentration of the 

blood in, 62, 243 
Purpura, 281 

changes of red cells in, 74 

necrobiotic changes in, 73 
Pus tube, 203 
Putnam, 276 
Pyaemia, 188 

changes of red cells in, 74 
Pyelo-nephritis, 265 

Quincke, 118 

Quinine, effect on blood in fever, 158 
poisoning, leucocytes of, 94 

Ratio of red to white cells, estima- 
tion in fresh blood, 9 
of red to white cells, estimation 
in stained specimens, 47 
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Raudnitz, 842, 844 
Regeneration of blood after hemor- 
rhage, 110 

of blood after operation for can- 
cer, 291 
Reinbach, 291, 801, 804, 808, 811 
Reinert, 4, 15, 22, 157, 262, 278, 282, 

289, 297 
Reiss, 281 
Rendu, 166 

Resistance of blood to water, elec- 
tricity, etc., 37 
Rheumatism, acute articular, 180 

chronic articular, 188 

muscular, 188 

red cells in, 181 

subacute, 188 

white cells in, 182 
Rickets, 279 

anaemia in, 279, 889 

leucocytosis in, 280 

lymphocytosis in, 98, 280 

myelocytes in, 105, 280 
Rieder, 20, 138, 168, 165, 175, 178, 
179, 187, 210, 215, 227, 255, 291, 
295, 297, 309 
Ritchie, 279 
Roscher, 190. 255 
Rosenstein, 248 
Rotch, 229, 842, 844, 846 
Rdtheln, 96, 180 
Rouleaux formation, 88 
Roux, 189 
Rovighi, 89 
Roy, 29 

Sadler. 192, 257, 260, 261, 262, 263, 
29."), 297, 309 

Saline cathartics, influence of, on 
the Mood 243 
solution, normal, 111 

Sanger, 189 

Sarcoma, 307 

amemia in, 307 
eosinophilia in, 100, 311 
leucocytes in, 309 
myelocytes in, 104, 311 

Saussure, 329 

Scarlet fever, 177 

changes of red cells in, 74 
eosinophilia in, 178 
leucocytosis in, 177 
necrobiotic changes in, 73 

Schaumann, 333 

SehifT, 84, 33<» 

Schnever, 292. 295, 298 

Schneider. 2:>7, 294, 297 

Screiher, ST, 208, 298 

Schultz, 87 



Schwerskewaki, 268 
Scurvy, 281 

lymphocytosis in, 98 
Secondary anaemia, 68-80 

causes of, 80 

Sades of, 79 
aragliano's degenerative 
changes in, 71 

nucleated red corpuscles in, 75 
Senator, 154, 842 
Sepsis, 192 

bacteria in blood of, 189 

in leukaemia, 149 

in wounds, 192 

leucocytes in, 190 

myelocytes in, 105 

puerperal, 191 

red cells in, 190 

streptococcus, 193 
Shattuck, 118, 164, 184, 847 
Silberman, 247 
Sictmann, 159, 189, 252, 254 
Skin diseases, eosinophilia in, 100, 

101 
Small-pox, 180 

leucocytes in, 180 

pneumonia in, 161 

red cells in, 73, 180 
Smith, 273 

Solids, estimation of, in blood, 87 
Sdrensen, 229 

Spinal cord, chronic diseases of. 271 
Spirochete of relapsing fever, 331 
Spleen, hypertrophy of, in rickets 
and all anaemias of infancy, 
335 

tumors of, 102 
Staining, Biondi-Heidenhain form- 
ula, 33 

Ehrlich-Biondi formula, 33 

fluid, Ehrlich's latest, 33 

mast -eel Is, 52 

Neusser's perinuclear basophilic 
granules, Appendix. 

of red cells when degenerated, 
73 

the malarial parasite, 322 
Starvation, effects of, on blood, 45, 62 
Sternberg. 279 
Stomach, 238 

cancer of, 296 

channels of, influence on blood, 
238 

dilatation of, 243 

inflammation of, 240 

ulcer of, 237 
Stone, 68, 146 
Strauer, 292, 295 
Strumpell, 146 
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Suprarenal extract, concentration of 

blood by, 63 
Surgery, value of blood examina- 
tions in, 112, 194. 196, 200, 291 
Sweating, concentration of blood 

in, 62 
Sympathetic nervous system, in- 
fluence on blood of, 100, 102 
Syphilis, 231 

anaemia in. 231, and 339 seq. 
cerebral, 271 

changes of red cells in, 74 
effects of mercnrv on the blood 

in, 232 
eosinopbilia in, 102. 234 
haemoglobin in, 233 
leucocytosis in. 233 
lymphocytosis in. 96 
myelocytes in. 104. 234 

Taussiq 251 

Thaver, 87, 133, 136, 167, 319, 3£4, 

347 
Thoma-Zeiss blood counter, ac- 
curacy of. 15. 21 

blood counter, cleaning of, 16 

blood counter, disadvantages. 21 

blood counter, use of, 14-20 

counting slide, 14 
Thomas. 277 
Toeni*~aen. 255 
ToUson's fesslutk/n. 11 
Tonsillitis, ltt 
Townsend. fe 
Toxic leucocyte i*. 94 
Transitional lewxrytes, 49 
Treves. 201 
Trkhmo-U 9 A 

eo*iEK/f»failia in. 102 
Tropical auerhia. 49 
Tschirkoff \<0$. 27- 
Tuberrular ytA^ry. Ti'iM. 227/ 
Tuoer^uJin. Vfi *&» 
TuberculotU. 217 

a/r'Jt* tiA'*i*r} 225 
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Tumors (see Cancer and Sarcoma j 
Typhoid. 165 

anaemia in, 166 

bacteriology, 165 

changes of red cells in, 74 

diagnosis of, 171 

effects of complication*, tflft 

effects of intestinal perforation, 
in, 169 

leucocytosis in. 166 

leucopenia in. 97. 166 

serum -diagnosis in, 166 
Typhus. 206 

necrobiotic changes in, 73 

Uraemia. 216 

Uric-acid diathesis, 223. 275 

Urine, examination of, tampered 

with blood examination. 3 
Uterus, cancer of, 303 

Vasom'/tor influences, effect on 

blood, 44, 60 
Volume of red cells estimated by 

hematocrit. 21 
Vomiting, concentration of blood 

in. 62 

Wakm stage, use of, 6 

Warren, J, C. 194 

Warthin. «W f 2fe5 

WVintraub 74 247 

Weisa, 100 

W»feh, 297 

White, rraiiklin. 19 
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Widal. 166 
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